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EDITORS’  NOTE 


The  Atlas  of  Tumor  Pathology  has  a long  and  distinguished  history.  It  was  first  conceived  at 
a Cancer  Research  Meeting  held  in  St.  Louis  in  September  1947  as  an  attempt  to  standardize 
the  nomenclature  of  neoplastic  diseases.  The  first  series  was  sponsored  by  the  National 
Academy  of  Sciences-National  Research  Council.  The  organization  of  this  Sisyphean  effort 
was  entrusted  to  the  Subcommittee  on  Oncology  of  the  Committee  on  Pathology,  and  Dr. 
Arthur  Purdy  Stout  was  the  first  editor-in-chief.  Many  of  the  illustrations  were  provided  by 
the  Medical  Illustration  Service  of  the  Armed  Forces  Institute  of  Pathology,  the  type  was  set 
by  the  Government  Printing  Office,  and  the  final  printing  was  done  at  the  Armed  Forces 
Institute  of  Pathology  (hence  the  colloquial  appellation  “AFIP  Fascicles”).  The  American 
Registry  of  Pathology  purchased  the  Fascicles  from  the  Government  Printing  Office  and  sold 
them  virtually  at  cost.  Over  a period  of  20  years,  approximately  15,000  copies  each  of  nearly 
40  Fascicles  were  produced.  The  worldwide  impact  that  these  publications  have  had  over  the 
years  has  largely  surpassed  the  original  goal.  They  quickly  became  among  the  most  influen- 
tial publications  on  tumor  pathology  ever  written,  primarily  because  of  their  overall  high 
quality  but  also  because  their  low  cost  made  them  easily  accessible  to  pathologists  and  other 
students  of  oncology  the  world  over. 

Upon  completion  of  the  first  series,  the  National  Academy  of  Sciences-National  Research 
Council  handed  further  pursuit  of  the  project  over  to  the  newly  created  Universities  Associated 
for  Research  and  Education  in  Pathology  (UAREP).  A second  series  was  started,  generously 
supported  by  grants  from  the  AFIP,  the  National  Cancer  Institute,  and  the  American  Cancer 
Society.  Dr.  Harlan  I.  Firminger  became  the  editor-in-chief  and  was  succeeded  by  Dr.  William 
H.  Hartmann.  The  second  series  Fascicles  were  produced  as  bound  volumes  instead  of  loose 
leaflets.  They  featured  a more  comprehensive  coverage  of  the  subjects,  to  the  extent  that  the 
Fascicles  could  no  longer  be  regarded  as  “atlases”  but  rather  as  monographs  describing  and 
illustrating  in  detail  the  tumors  and  tumor-like  conditions  of  the  various  organs  and  systems. 

Once  the  second  series  was  completed,  with  a success  that  matched  that  of  the  first, 
UAREP  and  AFIP  decided  to  embark  on  a third  series.  A new  editor-in-chief  and  an  associate 
editor  were  selected,  and  a distinguished  editorial  board  was  appointed.  The  mandate  for  the 
third  series  remains  the  same  as  for  the  previous  ones,  i.e.,  to  oversee  the  production  of  an 
eminently  practical  publication  with  surgical  pathologists  as  its  primary  audience,  but  also 
aimed  at  other  workers  in  oncology.  The  main  purposes  of  this  series  are  to  promote  a 
consistent,  unified,  and  biologically  sound  nomenclature;  to  guide  the  surgical  pathologist  in 
the  diagnosis  of  the  various  tumors  and  tumor-like  lesions;  and  to  provide  relevant  histoge- 
netic,  pathogenetic,  and  clinicopathologic  information  on  these  entities.  Just  as  the  second 
series  included  data  obtained  from  ultrastructural  (and,  in  the  more  recent  Fascicles,  immu- 
nohistochemical)  examination,  the  third  series  will,  in  addition,  incorporate  pertinent  infor- 
mation obtained  with  the  newer  molecular  biology  techniques.  As  in  the  past,  a continuous 
attempt  will  be  made  to  correlate,  whenever  possible,  the  nomenclature  used  in  the  Fascicles 
with  that  proposed  by  the  World  Health  Organization’s  International  Histological  Classifica- 
tion of  Tumors.  The  format  of  the  third  series  has  been  changed  in  order  to  incorporate 
additional  items  and  to  ensure  a consistency  of  style  throughout.  Close  cooperation  between 
the  various  authors  and  their  respective  liaisons  from  the  editorial  board  will  be  emphasized 
to  minimize  unnecessary  repetition  and  discrepancies  in  the  text  and  illustrations. 


To  its  everlasting  credit,  the  participation  and  commitment  of  the  AFIP  to  this  venture  is 
even  more  substantial  and  encompassing  than  in  previous  series.  It  now  extends  to  virtually 
all  scientific,  technical,  and  financial  aspects  of  the  production. 

The  task  confronting  the  organizations  and  individuals  involved  in  the  third  series  is  even 
more  daunting  than  in  the  preceding  efforts  because  of  the  ever-increasing  complexity  of  the 
matter  at  hand.  It  is  hoped  that  this  combined  effort — of  which,  needless  to  say,  that  represented 
by  the  authors  is  first  and  foremost — will  result  in  a series  worthy  of  its  two  illustrious  predeces- 
sors and  will  be  a suitable  introduction  to  the  tumor  pathology  of  the  twenty-first  century. 


Juan  Rosai,  M.D. 
Leslie  H.  Sobin,  M.D. 


PREFACE 


This  monograph  describes  the  spectrum  of  neoplasms,  hamartomas,  hyperplasias,  reactive 
lesions,  and  inflammatory  pseudotumors  arising  from  or  associated  with  peripheral  nerves. 
Included  are  lesions  affecting  spinal  nerves  and  extradural  portions  of  cranial  nerves.  Specifically 
excluded  from  this  discussion  are  lesions  of  the  optic  nerve,  a central  nervous  system  structure. 

Tumors  affecting  the  substance  of  nerves,  such  as  a)  metastatic  carcinoma,  lymphoma,  and 
melanoma;  b)  rare  primary  epineural  tumors;  and  c)  direct  extensions  from  surrounding  soft 
tissue  neoplasms  are  also  included.  With  the  exception  of  carcinoma  and  neurotropic  mela- 
noma, such  tumors  often  remain  extrinsic  to  nerve  fascicles  or  involve  perineurium  rather 
than  exhibiting  the  endoneurial  pattern  of  spread  so  characteristic  of  primary  peripheral 
nerve  sheath  tumors. 

Peripheral  nerve  tumors  are  generally  classified  as  soft  tissue  tumors,  but  they  differ 
significantly  from  most  neoplasms  in  this  category.  Notable  differences  include  the  frequent 
association  of  nerve  sheath  tumors  with  genetic  disorders  and  the  origin  of  a majority  of 
malignant  nerve  sheath  tumors  from  neurofibroma,  a benign  precursor  lesion.  Furthermore, 
tumors  of  peripheral  nerves  are  histologically  diverse  and  arise  in  a complex  tissue  with 
distinctive  anatomic  compartments.  Nerves  consist  not  simply  of  axons  but  of  specialized 
ensheathments  and  compartments.  These  include:  1)  Schwann  cells  that  enwrap  axons  and 
form  the  boundary  for  the  inner  limits  of  the  endoneurium;  2)  the  endoneurium,  which 
consists  of  capillaries,  fibroblasts,  macrophages,  and  mast  cells;  3)  a specialized  barrier  layer, 
the  perineurium,  that  forms  the  outer  limit  of  the  endoneurium;  and  4)  the  epineurium,  an 
external  layer  of  fibroadipose  tissue.  Vascular  elements  are  present  in  all  three  layers. 
Hamartomas,  hyperplasias,  reactive  lesions  including  true  neuromas  and  inflammatory 
pseudotumors,  as  well  as  neurofibromas  typically  involve  several  if  not  all  these  components 
of  peripheral  nerve.  Although,  theoretically,  neoplasms  may  arise  from  Schwann  cells,  peri- 
neurial  cells,  fibroblasts,  and  other  cells  comprising  the  nerve  sheaths,  most  peripheral  nerve 
neoplasms  are  in  fact  derived  from  Schwann  cells.  The  latter  are  neuroectodermal  cells  of 
neural  crest  origin,  ones  unique  to  peripheral  nerves.  The  histologic  diversity  so  characteristic 
of  peripheral  nerve  tumors  is  in  large  part  attributable  to  the  metaplastic  repertoire  of  neoplastic 
Schwann  cells  which  produce  not  only  a variety  of  collagens  and  melanin,  but  display  a 
remarkable  capacity  for  divergent  differentiation  toward  rhabdomyoblasts,  chondroblasts,  and 
epithelial  cells  of  varying  type.  Also  unique  to  peripheral  nerves  are  perineurial  cells,  tumors 
of  which  are  rare.  Whereas  vascular  and  adipose  tumors  of  peripheral  nerves  have  been 
reported,  ones  presumably  derived  from  fibroblasts  are  not  well  defined. 

The  diagnosis  and  classification  of  nerve  sheath  lesions  requires  correlation  with  clinical 
and  surgical  data  as  well  as  considerable  attention  to  the  histochemical  features.  In  many 
instances,  immunohistochemistry  and  electron  microscopy  are  also  necessary.  Although  some 
authors  have  prematurely  concluded  that  electron  microscopy  is  no  longer  of  diagnostic 
utility,  we  feel  it  plays  an  important  role  in  surgical  pathology,  most  notably  for  the  classifica- 
tion of  peripheral  nerve  tumors.  For  example,  electron  microscopy  is  useful  for  recognizing:  1) 
advanced  schwannian  differentiation  in  cellular  schwannoma,  a lesion  that  must  be  distin- 
guished from  S-100-positive  malignant  peripheral  nerve  sheath  tumors  which  often  demon- 
strate only  minor  degrees  of  Schwann  cell  differentiation;  2)  the  one  third  of  malignant 
peripheral  nerve  sheath  tumors  that  lack  light  microscopic  or  immunohistochemical  evidence 
of  nerve  sheath  differentiation;  and  3)  those  perineurial  neoplasms  that  may  not  express 


epithelial  membrane  antigen  immunoreactivity.  No  doubt  the  application  of  new  methods, 
including  immunoelectron  microscopy,  in  situ  hybridization,  and  molecular  genetics  will 
further  our  understanding  of  nerve  sheath  neoplasia. 

The  publication  of  large  clinicopathologic  studies  and  the  application  of  new  investigative 
methods  have  advanced  our  understanding  of  the  nature  and  behavior  of  nerve  sheath  tumors. 
In  addition,  they  have  permitted  the  recognition  of  entities  described  since  the  publication  of 
the  last  Fascicle,  and  morphologic  variants  of  those  already  well  established.  Among  reactive 
processes,  this  includes  inflammatory  pseudotumor,  pacinian  neuroma,  and  palisaded  encap- 
sulated neuroma.  Newly  described  malformative  lesions  include  lipofibromatous  hamartoma 
and  neuromuscular  choristoma,  both  of  which  exhibit  highly  distinctive  morphologic  features. 
With  respect  to  benign  neoplasms,  the  clinically  most  important  development  has  been  the 
recognition  of  cellular  schwannoma,  a lesion  often  mistaken  for  malignant  peripheral  nerve 
sheath  tumor  (MPNST).  In  addition,  the  spectrum  of  schwannomas  has  been  further  expanded 
to  include  plexiform  schwannoma,  a tumor  with  no  hereditary  disposition,  and  psammomatous 
melanotic  schwannoma,  one  frequently  occurring  in  the  setting  of  Carney’s  complex.  Newcom- 
ers to  the  category  of  benign  nerve  sheath  tumors  are  neurothekeoma  as  well  as  intraneural 
and  soft  tissue  perineurioma.  Intraneural  perineurioma,  once  considered  a reactive  lesion,  has 
been  found  to  be  a neoplasm,  a monoclonal  proliferation  cytogenetically  similar  to  ordinary 
schwannoma.  Lastly,  the  clinicopathologic  spectrum  of  malignant  peripheral  nerve  sheath 
tumor  has  been  expanded  to  include  postradiation  examples  as  well  as  the  very  rare  tumors 
that  arise  from  schwannoma,  ganglioneuroma,  and  pheochromocytoma. 
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TUMORS  OF  THE 
PERIPHERAL  NERVOUS  SYSTEM 

1 

INTRODUCTION,  OVERVIEW,  AND  SPECIMEN  ASSESSMENT 


INTRODUCTION 

This  monograph  describes  the  spectrum  of 
neoplasms,  hamartomas,  hyperplasias,  reactive 
lesions,  and  inflammatory  pseudotumors  arising 
from  or  associated  with  peripheral  nerves.  In- 
cluded are  lesions  affecting  spinal  nerves  and 
extradural  portions  of  cranial  nerves.  Specifically 
excluded  from  this  discussion  are  lesions  of  the 
optic  nerve,  a central  nervous  system  structure. 

Tumors  affecting  the  substance  of  nerves, 
such  as  metastatic  carcinoma,  rare  examples  of 
melanoma,  and  direct  extensions  from  sur- 
rounding soft  tissue  neoplasms  are  also  in- 
cluded. With  the  exception  of  carcinoma  and 
neurotropic  melanoma,  such  neoplasms  are 
often  extrinsic  to  nerve  fascicles,  or  involve  peri- 
neurium rather  than  exhibiting  the  endoneurial 
pattern  of  spread  so  characteristic  of  primary 
peripheral  nerve  sheath  tumors. 

Peripheral  nerve  tumors  are  generally  classi- 
fied as  soft  tissue  tumors,  but  they  differ  signif- 
icantly from  most  neoplasms  in  this  category. 
Notable  differences  include  the  frequent  associ- 
ation of  nerve  sheath  tumors  with  genetic  disor- 
ders and  the  origin  of  a majority  of  malignant 
nerve  sheath  tumors  from  neurofibroma,  a be- 
nign precursor  lesion.  Furthermore,  tumors  of 
peripheral  nerves  are  histologically  diverse  and 
arise  in  a complex  tissue  with  distinctive  ana- 
tomic compartments.  Nerves  consist  not  simply 
of  axons  but  of  specialized  ensheathments  and 
compartments.  These  include:  1)  Schwann  cells 
that  enwrap  axons  and  form  the  boundary  for  the 
inner  limits  of  the  endoneurium;  2)  the  en- 
doneurium,  which  consists  of  capillaries,  fibro- 
blasts, macrophages,  and  mast  cells;  3 ) a special- 
ized barrier  layer,  the  perineurium,  that  forms 
the  outer  limit  of  the  endoneurium;  and  4)  the 
epineurium,  an  external  layer  of  fibroadipose 
tissue.  Vascular  elements  are  present  in  all  three 


layers.  Hamartomas,  hyperplasias,  reactive  le- 
sions including  true  neuromas  and  inflammatory 
pseudotumors,  as  well  as  neurofibromas  typically 
involve  several  if  not  all  these  components  of 
peripheral  nerve.  Although  theoretically,  neo- 
plasms may  arise  from  Schwann  cells,  perineur- 
ial  cells,  fibroblasts,  and  other  cells  comprising 
the  nerve  sheaths,  most  peripheral  nerve  neo- 
plasms are  in  fact  derived  from  Schwann  cells.  The 
latter  are  neuroectodermal  cells  of  neural  crest 
origin  unique  to  peripheral  nerves.  The  histologic 
diversity  so  characteristic  of  peripheral  nerve  tu- 
mors is  in  large  part  attributable  to  the  metaplas- 
tic repertoire  of  neoplastic  Schwann  cells  which 
produce  not  only  a variety  of  collagens  and  mela- 
nin, but  display  a remarkable  capacity  for  diver- 
gent differentiation  toward  rhabdomyoblasts, 
chondroblasts,  and  epithelial  cells  of  varying 
type.  Also  unique  to  peripheral  nerves  are  peri- 
neurial  cells,  tumors  of  which  are  rare.  Whereas 
vascular  and  adipose  tumors  of  peripheral  nerves 
have  been  reported,  those  presumably  derived 
from  fibroblasts  are  not  well  defined. 

The  diagnosis  and  classification  of  nerve 
sheath  lesions  requires  correlation  with  clinical 
and  surgical  data  as  well  as  considerable  atten- 
tion to  their  histochemical  features.  In  many 
instances,  immunohistochemistry  and  electron 
microscopy  are  also  necessary.  Although  some 
authors  have  concluded  that  electron  microscopy 
is  no  longer  of  diagnostic  utility,  we  feel  it  plays 
an  important  role  in  surgical  pathology,  most 
notably  in  the  classification  of  peripheral  nerve 
tumors.  For  example,  electron  microscopy  is  use- 
ful in  recognizing:  1)  advanced  schwannian  differ- 
entiation in  cellular  schwannoma,  a lesion  that 
must  be  distinguished  from  S- 100-positive  malig- 
nant peripheral  nerve  sheath  tumors  which  often 
demonstrate  only  minor  degrees  of  Schwann  cell 
differentiation;  2)  the  fully  one  third  of  malignant 
peripheral  nerve  sheath  tumors  that  lack  light 
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microscopic  or  immunohistochemical  evidence  of 
nerve  sheath  differentiation;  and  3)  those  peri- 
neurial  neoplasms  that  may  not  express  epithe- 
lial membrane  antigen  immunoreactivity.  No 
doubt  the  application  of  new  methods,  including 
immunoelectron  microscopy,  in  situ  hybridiza- 
tion, and  molecular  genetics  will  further  our 
understanding  of  nerve  sheath  neoplasia. 

The  publication  of  large  clinicopathologic 
studies  and  the  application  of  new  investigative 
methods  have  advanced  our  understanding  of 
the  nature  and  behavior  of  nerve  sheath  tumors. 
In  addition,  they  have  permitted  the  recognition 
of  new  entities,  described  since  the  publication 
of  the  last  Fascicle  on  peripheral  nerve  tumors, 
and  morphologic  variants  of  those  already  well 
established.  Among  reactive  processes,  this  in- 
cludes inflammatory  pseudotumor,  pacinian 
neuroma,  and  palisaded  encapsulated  neuroma. 
Newly  described  malformative  lesions  include 
lipofibromatous  hamartoma  and  neuromuscular 
choristoma,  both  of  which  exhibit  highly  distinc- 
tive morphologic  features.  The  clinically  most 
important  development  in  benign  neoplasms  has 
been  the  recognition  of  cellular  schwannoma,  a 
lesion  often  mistaken  for  malignant  peripheral 
nerve  sheath  tumor  (MPNST).  In  addition,  the 
spectrum  of  schwannomas  has  been  further  ex- 
panded to  include  plexiform  schwannoma,  a 
tumor  with  no  hereditary  disposition,  and 
psammomatous  melanotic  schwannoma,  one  fre- 
quently occurring  in  the  setting  of  Carney’s  com- 
plex. Newcomers  to  the  category  of  benign  nerve 
sheath  tumors  are  neurothekeoma  as  well  as 
intraneural  and  soft  tissue  perineurioma.  In- 
traneural  perineurioma,  once  considered  a reac- 
tive lesion,  has  been  found  to  be  a neoplasm,  a 
monoclonal  proliferation  cytogenetically  similar  to 
ordinary  schwannoma.  Lastly,  the  clinicopatho- 
logic spectrum  of  MPNST  has  been  expanded  to 
include  a postradiation  type  as  well  as  the  very 
rare  examples  that  arise  from  schwannoma, 
ganglioneuroma,  and  pheochromocytoma. 

OVERVIEW 

The  boundaries  of  the  peripheral  nervous  sys- 
as  they  relate  to  this  Fascicle  include  intradu- 
ral and  extradural  nerve  roots,  ganglia,  and  pe- 
ripheral nerves  and  their  specialized  sensorimotor 
endings.  Also  included  are  autonomic  nerves  and 


their  paravertebral  and  visceral  ganglia.  On  rare 
occasion,  peripheral  nerve  sheath  tumors  arise 
not  only  within  recognizable  nerves  but  within 
viscera.  Such  lesions  are  treated  in  other  Fasci- 
cles and  are  not  covered  here  in  depth. 

Anatomy.  Gross,  light  microscopic,  immuno- 
histochemical, and  ultrastructural  features  of 
the  peripheral  and  autonomic  nervous  systems 
are  described.  The  discussion  will  be  primarily 
limited  to  features  of  practical  diagnostic  signif- 
icance to  the  surgical  pathology  of  peripheral 
nerve  sheath  tumors  (PNSTs). 

Lesion  Spectrum.  The  lesions  discussed  in 
this  Fascicle  are  limited  to  those  of  reactive, 
hyperplastic,  hamartomatous,  and  neoplastic 
(benign  and  malignant)  nature.  The  limitations 
of  a strictly  benign/malignant  approach  are  best 
illustrated  by  atypical  and  cellular  neurofibro- 
mas, in  which  morphologic  features  such  as  pleo- 
morphic cells  and  increased  cellularity  might 
suggest  early  malignant  transformation.  Such 
tumors  must  be  recognized  because  they  are  typ- 
ically cured  by  resection  and  show  no  tendency  to 
metastasis.  Unfortunately,  the  literature  specif- 
ically referring  to  their  biology  is  scant. 

Hereditary  disorders  with  peripheral  nerve 
manifestations,  including  neurofibromatosis  1 
and  2 and  multiple  endocrine  neoplasia  type  lib, 
are  discussed,  with  emphasis  placed  upon  pe- 
ripheral and  autonomic  nerve  lesions. 

Nerve  Sheath  Tumor  Classification.  As 
much  as  possible,  a classification  of  PNSTs  is 
based  upon  the  finding  of  specific  features  of 
cellular  differentiation,  be  it  schwannian,  peri- 
neurial,  fibroblastic,  melanocytic,  or  divergent. 
An  outline  of  the  lesions  to  be  discussed  appears 
in  the  Table  of  Contents. 

Etiology.  Etiologic  factors  associated  with 
PNST  are  briefly  discussed  with  respect  to  indi- 
vidual lesions.  These  include  genetic  factors,  ra- 
diation, and  environmental  factors. 

Prognosis.  F actors  reportedly  affecting  prog- 
nosis are  mentioned  with  regard  to  malignant 
PNST.  These  include  the  presence  of  phakomato- 
sis,  large  tumor  size,  high  tumor  grade,  DNA 
ploidy  status,  proliferation  indices  (mitotic 
counts,  percent  S-phase  determinations  by  flow 
cytometry,  and  labeling  indices  for  Ki-67  or  MIB- 
1 and  for  proliferating  cell  nuclear  antigen),  and 
p53  protein  immunoreactivity. 
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Diagnostic  Approach  and  Specimen 
Handling.  The  Fascicle  stresses  a practical  ap- 
proach to  diagnosis  based  on  gross  features,  rou- 
tine light  microscopy,  and  immunohistochemis- 
try  featuring  only  well-characterized,  readily 
available  antibodies.  Flow  cytometry  ( ploidy  and 
percent  S-phase  determination),  proliferation 
marker  data,  and  molecular  diagnostic  methods 
are  also  discussed.  Electron  microscopy  is  in- 
cluded where  relevant  to  diagnosis.  The  discus- 
sion of  malignant  lesions  touches  upon  the  ap- 
proach to  the  gross  specimen,  e.g.,  margin 
assessment  including  inking,  adequate  sampling 
of  specimens,  and  intraoperative  communication. 

Grading.  The  status  of  histologic  grading  rel- 
ative to  malignant  PNST  is  discussed.  Because 
no  established,  formal  grading  scheme  is  avail- 
able, and  since  the  large  majority  show  signifi- 
cant degrees  of  anaplasia,  we  emphasize  a mul- 
tifactorial approach  to  prognostication,  based 
upon  clinical  factors,  tumor  size,  relation  to 
nearby  structures  (staging),  extent  of  resection, 
and  the  pathologic  factors  previously  mentioned. 

Staging.  The  staging  of  the  tumors  discussed 
in  this  Fascicle  will  be  covered  in  the  Third 
Series  Fascicle  on  tumors  of  the  soft  tissue, 
which  is  scheduled  for  publication  in  1999,  and 
is  not  separately  discussed  herein. 

Differential  Diagnosis.  In  text  and  table, 
processes  entering  into  the  light  microscopic  dif- 
ferential diagnosis  of  nerve  lesions  are  dis- 
cussed. Emphasis  is  placed  on  lesions  having  a 
distinctly  different  behavior  from  the  tumor  in 
question  (see  Table  1-1). 

SPECIMEN  ASSESSMENT 

Peripheral  nerve  tumors  present  either  as  soft 
tissue  tumors  of  unknown  type,  or  as  lesions 
clinically  and  grossly  recognized  as  being  of  pe- 
ripheral nerve  origin.  In  either  situation,  the 
recommended  initial  steps  are  to:  1)  record  their 
gross  appearance  before  dissection  by  taking 
color  photographs;  2 ) measure  in  centimeters  the 
specimen’s  three  dimensions;  and  3)  accurately 
describe  the  gross  appearance,  particularly  with 


regard  to  tumor  configuration  and  the  presence 
or  absence  of  a nerve.  Following  these  initial 
steps,  if  there  is  any  question  that  the  tumor 
might  be  malignant,  the  external  surface  of  the 
specimen  should  be  coated  with  India  ink,  thus 
permitting  an  accurate  microscopic  assessment 
of  margins  of  resection. 

To  determine  the  shape,  color,  and  texture  of 
the  lesion,  the  specimen  is  next  cross-sectioned 
along  its  longest  dimension  (longitudinal  sec- 
tion), preferably  with  a single  stroke  of  a sharp 
knife.  An  exception  is  when  the  tumor  has  the 
shape  of  a long  cylinder  of  relatively  uniform 
diameter.  In  this  situation,  multiple  cross  sec- 
tions along  the  shortest  dimension  of  the  tumor 
are  as  important  as  longitudinal  sections.  Cross 
sections  assure  the  proper  evaluation  of  lesions 
such  as  soft  tissue  perineurioma.  The  cut  surface 
is  then  photographed  and  described.  In  order  to 
prevent  recording  adventitious  colors  which  in- 
variably develop  after  exposure  to  air,  photographs 
need  to  be  taken  within  3 minutes  of  dissecting  the 
specimen.  If  the  tumor  is  large,  multiple  cross 
sections  are  needed  for  adequate  sampling.  Com- 
ments regarding  homogeneity  of  tumor  tissue  or 
lack  thereof,  and  the  presence  or  absence  and 
percentage  of  necrosis  are  also  noted.  It  is  recom- 
mended that  samples  for  microscopy  should  be 
taken  from  every  centimeter  of  the  tumor’s  great- 
est dimension  and  additional  samples  obtained 
from  areas  with  unusual  color  or  texture.  Sec- 
tions representing  circumferential  as  well  as 
proximal  and  distal  margins  of  the  specimen  are 
also  required.  Inking  is  encouraged. 

Whereas  the  above  steps  are  essential  in  the 
evaluation  of  PNSTs,  we  consider  it  important  to 
set  aside  a tumor  sample  in  fixative  for  electron 
microscopy.  Although  preservation  in  either  glu- 
taraldehyde  or  Trump’s  fixative  is  optimal,  even 
formalin  fixation  will  suffice.  In  selected  cases, 
submitting  fresh  tissue  for  cytogenetics,  quick- 
freezing  a sample  in  liquid  nitrogen  for  molecu- 
lar genetics,  and  saving  a sample  in  an  appropri- 
ate media,  such  as  RPMI,  for  tissue  culture  or 
flow  cytometry,  is  also  useful. 
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Table  1-1 

DIFFERENTIAL  DIAGNOSIS  OF  PERIPHERAL  NERVE  LESIONS 


Peripheral  Nerve  Tumors  Differential  Diagnosis 


1.  Tumor-like  lesions 

a.  Reactive  lesions 

1)  Traumatic  neuroma 

2 ) Localized  interdigital  neuritis 

3 ) Pacinian  neuroma 

4)  Nerve  cyst 

5)  Inflammatory  pseudotumor 

b.  Inflammatory  and  infectious  lesions 

c.  Hyperplastic  lesions 

1)  Palisaded  encapsulated  neuroma  (PEN) 

2)  Mucosal  neuromatosis 
Ganglioneuroma/ganglioneuromatosis 

3)  Localized  hypertrophic  neuropathy 

d.  Hamartomas 

1)  Fibrolipomatous  hamartoma 

2)  Neuromuscular  choristoma 

2.  Benign  Tumors 

a.  Schwannoma  (neurilemoma) 

1)  Cellular  schwannoma 

2)  Plexiform  schwannoma 

3)  Melanotic  schwannoma 

a)  Psammomatous  melanotic  schwannoma 

b.  Neurofibroma 

1)  Diffuse  (cutaneous) 

2)  Localized 

3)  Plexiform 

4)  Divergent  differentiation  (glandular, 
rhabdomyomatous,  pigmented,  etc.) 

c.  Perineurioma 

1)  Intraneural  perineurioma 

2)  Soft  tissue  perineurioma 

d.  Nerve  sheath  myxoma  and  neurothekeoma 

e.  Granular  cell  tumor 

f.  Ganglioneuroma 

g-  Miscellaneous  lesions 

1)  Meningioma 

2)  Paraganglioma  (cauda  equina) 

3)  Lipoma 


Neurofibroma,  palisaded  encapsulated  neuroma, 
mucosal  neuroma 
Traumatic  neuroma 
Nerve  sheath  myxoma 
Nerve  sheath  myxoma,  cystic  schwannoma 
Infection,  lymphoma 

Plexiform  schwannoma,  leiomyoma 
Traumatic  neuroma,  PEN, 

ganglioneuroma  ( ganglioneuromatosis ) 

Intraneural  perineurioma 

Lipoma 

Rhabdomyoma,  benign  and  malignant  “triton  tumor” 

Neurofibroma,  leiomyoma,  palisaded  myofibroblastoma, 
PEN 

Malignant  peripheral  nerve  sheath  tumor  (PNST), 
fibrosarcoma,  leiomyosarcoma 
Plexiform  neurofibroma,  plexiform  fibrohistiocytic  tumor 
Melanoma,  pigmented  dermatofibrosarcoma 
protuberans,  melanotic  neurofibroma 

Dermatofibroma,  dermatofibrosarcoma  protuberans, 
mucinosis,  myxoid  fibrous  histiocytoma,  spindle 
cell  lipoma 

Schwannoma,  myxoma,  ganglioneuroma 
Plexiform  schwannoma 


Localized  hypertrophic  neuropathy 
Neurofibroma,  meningioma,  dermatofibrosarcoma,  soli- 
tary fibrous  tumor,  myoepithelioma,  fibroma,  menin- 
gioma, low-grade  fibrosarcoma,  fibromyxoid  sarcoma 
Myxoid  neurofibroma  and  schwannoma,  soft  tissue 
myxoma,  myxoma,  myxoid  MFH;  mucinosis 
Malignant  granular  cell  tumor,  granular  epithelioid 
leiomyoma,  hibernoma,  rhabdomyoma, 
paraganglioma,  alveolar  soft  part  sarcoma 
Schwannoma,  neurofibroma 

Soft  tissue  perineurioma 
Ependymoma  (filum  terminale) 

Lipofibromatous  hamartoma 
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Table  1-1  (continued) 

DIFFERENTIAL  DIAGNOSIS 


Peripheral  Nerve  Tumors  Differential  Diagnosis 


4)  Hemangioma 

5)  Angiomatosis  of  nerve 

6)  Hemangioblastoma 

7)  Adrenal  adenoma 

3.  Malignant  Tumors 

a.  Malignant  peripheral  nerve  sheath  tumors 

(MPNST) 

1)  MPNST  variants 
a.  Epithelioid  MPNST 

b)  MPNST  with  divergent  (mesenchymal/ 
epithelial)  differentiation 

c)  Schwannoma  with  malignant 
transformation 

d)  MPNST  arising  from  ganglioneuroma 
or  ganglioneuroblastoma 

e)  Malignant  perineurioma 

b.  Malignant  tumors  of  possible  peripheral 
nerve  origin 

1)  Primitive  neuroectodermal  tumor 

(peripheral  neuroepithelioma) 

2)  Malignant  granular  cell  tumor 

c.  Secondary  neoplasms 


Angiomatosis 

Hemangioma 

Metastatic  renal  cell  carcinoma 

Metastatic  renal  cell  carcinoma,  granular  cell  tumor 

Cellular  neurofibroma,  cellular  schwannoma,  fibro- 
sarcoma, leiomyosarcoma,  monophasic  synovial 
sarcoma,  neurotropic  melanoma,  clear  cell  sarcoma 

Melanoma,  carcinoma,  rhabdoid  tumor,  clear  cell 
sarcoma 

Synovial  sarcoma,  rhabdomyosarcoma,  osteosarcoma 
and  chondrosarcoma,  carcinoma 

Cellular  schwannoma,  metastatic  carcinoma, 
primitive  neuroectodermal  tumor  (PNET) 

Conventional  MPNST 

Small  cell  carcinoma/sarcoma,  lymphoma 

Grant'd ar  cell  tumor,  granular  variant  of  leiomyo- 
sarcoma, alveolar  soft  part  sarcoma, 
rhabdoid  tumor 

Carcinoma,  sarcoma,  neurotropic  melanoma, 
lymphoma 
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DEVELOPMENT 

Early  in  embryogenesis,  the  midline  dorsal 
ectoderm  gives  rise  to  the  neural  plate  which 
develops  a longitudinal  groove,  the  walls  of 
which  fold  and  fuse  to  form  the  neural  tube. 
From  the  level  of  the  diencephalon  through  the 
distal  neuraxis,  the  lateral  portions  of  the  fold 
form  the  neural  crest.  Derivatives  of  the  neural 
crest  include  sensory  and  autonomic  nerves  as 
well  as  their  ganglia,  Schwann  cells  and  their 
variant  satellite  cells,  and  melanocytes.  Not  only 
are  neural  crest  cells  pluripotential,  but  their 
differentiation  is  affected  by  their  milieu  and  by 
interaction  with  surrounding  cells.  For  instance, 
neurite  growth  and  its  direction  is  in  part  genet- 
ically determined,  but  is  also  strongly  influenced 
by  Schwann  cell  growth  factors  and  by  trophic 
substances  produced  by  target  organs.  Best 
known  among  these  is  nerve  growth  factor 
(NGF),  a 14-kD  polypeptide  encoded  on  chromo- 
some 22.  Particularly  during  development, 
Schwann  cells  produce  not  only  NGF  but  possess 
NGF  receptors.  Early  neurotransmitter  synthe- 
sis is  also  induced  by  NGF.  By  its  chemotactic 
properties  and  action  upon  the  cytoskeleton  of 
receptor-bearing  axons,  NGF  promotes  growth 
cone  mobility  in  growing  axons.  The  latter,  by 
way  of  receptors,  also  are  affected  by  extracellu- 
lar substances  such  as  collagen,  laminin, 
fibronectin,  and  entactin. 

With  a few  exceptions,  neurons  giving  rise  to 
sensory  nerves  lie  within  either  cranial  nerve 
sensory  ganglia  or  dorsal  root  ganglia.  Dorsal 
root  ganglion  cells  are  round  and  are  encircled 
by  satellite  cells,  specialized  cells  indistinguish- 
able from  Schwann  cells.  The  initially  single 
process  of  a sensory  ganglion  cell  divides  in  a 
T-fashion,  sending  a proximal  axon  into  the  sub- 
stance of  the  spinal  cord  (efferent  fiber)  and 
another  distally  within  the  sensory  nerve  ( affer- 
ent fiber).  In  contrast,  motor  neurons  lie  within 
the  central  nervous  system,  either  in  motor  nu- 
clei of  the  brain  stem  or  in  anterior  horns  of  the 
spinal  cord.  They  send  a single  process  distal  via 
a motor  nerve  root.  The  central  portions  of  sen- 
sory and  motor  axons  are  ensheathed  by  “central 


myelin”  formed  by  oligodendrocytes.  In  contrast, 
the  distally  directed  processes  of  cranial  and 
spinal  sensory  and  motor  axons  are  ensheathed 
by  Schwann  cell-derived  “peripheral  myelin.” 

Myelinization  in  the  peripheral  nervous  sys- 
tem precedes  that  in  the  central  nervous  system. 
The  process  is  initiated  by  axon-Schwann  cell 
contact.  Functionally,  myelin  serves  as  an  insu- 
lator and  allows  rapid,  saltatory  conduction 
along  the  fiber.  During  development  Schwann 
cells  follow  elongating  axons  and  form  concentric 
sheaths  around  them.  Actual  myelination  begins 
by  the  18th  week  of  gestation.  Large  axons  tend 
to  be  myelinated  before  and  to  a greater  extent 
than  smaller  ones.  Only  a minor  proportion  of 
peripheral  nerves  are  myelinated,  but  all  axons, 
regardless  of  size,  are  encircled  by  Schwann 
cells.  Although  the  term  “nerve  fiber”  has  been 
used  to  denote  either  the  axon  alone  or  the  axon 
with  its  accompanying  Schwann  sheath,  we  ad- 
here to  the  latter  definition.  The  axon  and 
Schwann  sheath  function  as  a unit,  not  only 
physiologically  but  also  in  response  to  injury.  In 
myelinated  fibers  a single  Schwann  cell  provides 
myelin  for  a segment  of  only  one  axon,  whereas 
in  unmyelinated  nerves  a number  of  axons  are 
ensheathed  by  a single  Schwann  cell. 

GROSS  ANATOMY 

Anterior  (motor)  and  posterior  (sensory)  spi- 
nal nerve  roots  exit  the  spinal  cord  separately, 
traverse  the  subarachnoid  space,  and  coalesce 
just  proximal  to  the  dorsal  root  ganglion.  Here 
the  roots  form  peripheral  nerve  trunks  sur- 
rounded by  a dural  sleeve  that  continues  into  the 
intervertebral  foramen  (fig.  2-1).  Proximally  the 
sheath  is  also  formed  by  arachnoid  tissue  which 
becomes  confluent  with  the  perineurium  (fig. 
2-2).  Distal  to  the  dorsal  root  ganglion,  having 
traversed  the  intervertebral  foramen,  each  spi- 
nal nerve  trunk  divides  into  dorsal  and  ventral 
rami,  the  former  supplying  the  posterior  portion 
of  the  body  and  the  latter  the  anterior  portion 
and  limbs.  Plexuses  such  as  the  brachial  and 
lumbosacral  are  formed  by  fusion  of  the  ventral 
rami  of  adjacent  spinal  nerves.  Major  peripheral 
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Figure  2-1 
SCHEMATIC 

REPRESENTATION  OF  THE 
SENSORIMOTOR  AND 
AUTONOMIC  NERVES 
AND  THEIR  GANGLIA 
RELATIVE  TO  THE  SPINAL 
CORD  AND  MENINGES 


Figure  2-2 

SPINAL  NERVE  TRUNK:  RELATION  OF  PERINEURIUM  TO  MENINGES 
Left:  The  relationship  of  the  meninges  to  spinal  nerve  trunks  is  intimate. 

Right:  Note  the  delicate  arachnoid  membrane  encircling  and  partly  in  continuity  with  the  epithelial  membrane  antigen 
(EMA)-reactive  perineurium  surrounding  nerve  fascicles.  Both  are  contained  within  the  much  thicker,  collagen-rich  dura. 
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Figure  2-3 

CROSS  SECTION  OF  A NERVE 
A:  Seven  fascicles  are  embedded  in  fibrofatty  epineurial  tissue. 

B:  On  Luxol-fast  blue-periodic  acid-Schiff  stain,  two  nerve  fascicles  are  seen,  each  surrounded  by  PAS-positive  perineurium. 
Note  the  vasa  nervorum.  The  endoneurium  contains  numerous  nerve  fibers,  each  surrounded  by  a blue  cylinder  of  myelin. 

C:  Epithelial  membrane  antigen  stains  the  perineurium. 

D:  On  occasion  nerve  fascicles  may  be  seen  to  branch,  here  shown  on  neurofilament  protein  immunostain. 


nerves  originating  from  the  plexuses  thus  re- 
ceive fibers  from  multiple  spinal  cord  segments. 
Peripheral  nerves  progressively  divide  into 
smaller  nerves  as,  grouped  or  single,  their  fasci- 
cles sweep  from  them.  The  nerve  fibers  compris- 
ing a fascicle  of  a peripheral  nerve  do  not  neces- 
sarily remain  with  that  parent  fascicle.  Instead, 
some  bridge  from  one  fascicle  to  another  (“bridg- 
ing fascicles”)  (fig.  2-3D).  All  peripheral  nerves 
are  compound  in  nature  and  consist  of  a variable 
admixture  of  motor,  sensory,  and  autonomic 
nerve  fibers.  Motor  nerve  fibers  terminate  on 


somatic  muscle  end-plates,  whereas  sensory  fi- 
bers terminate  in  specialized  sensory  structures 
or  transducers  in  skin,  muscle,  and  other  organs 
(see  below).  Unlike  spinal  nerves,  cranial  nerves 
arise  from  the  brain  at  irregular  intervals  and 
are  not  comprised  of  dorsal  and  ventral  roots. 
Instead,  the  efferent  and  afferent  fibers  exit  and 
enter  the  brain  at  the  same  site. 

Autonomic  nerves  of  parasympathetic  and 
sympathetic  type  innervate  viscera,  blood  ves- 
sels, and  the  smooth  muscle  of  skin  and  eye.  The 
preganglionic  neurons  of  parasympathetic  fibers 
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Figure  2-4 
SCHEMATIC 
REPRESENTATION  OF 
THE  BASIC  ARCHITECTURE 
OF  NORMAL  NERVE 
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are  cranial  or  sacral  in  origin,  their  nerve  fibers 
exiting  the  brain  stem  in  cranial  nerves  3,  7,  9, 
10,  and  11  as  well  as  in  sacral  ventral  roots  2 and 
3 or  3 and  4.  The  ganglion  cells  are  located  near 
or  within  the  structures  they  innervate.  Sympa- 
thetic preganglionic  Fibers,  on  the  other  hand, 
arise  from  the  intermediolateral  gray  columns  of 
the  thoracolumbar  spinal  cord  (T1-L2)  and  exit 
via  anterior  nerve  roots.  Such  fibers  are  myeli- 
nated and  terminate  upon  sympathetic  ganglion 
cells  in  perivertebral  or  prevertebral  locations. 

For  a more  detailed  discussion  of  the  gross 
anatomy  of  the  peripheral  nervous  system,  the 
reader  is  referred  to  an  authoritative  text  ( 7 ). 

MICROANATOMY 

Peripheral  Nerves 

The  basic  anatomy  of  peripheral  nerves  is 
schematically  illustrated  in  figures  2-4  and  2-5. 
Normal  peripheral  nerves  consist  of  shiny  white 
bundles  of  fascicles  surrounded  and  separated 
by  fibrovascular  stroma  termed  epineurium,  a 
layer  generally  distinct  from  surrounding  soft 
tissue.  Epineurial  tissue  contains  collagen  types 
1 and  3 as  well  as  elastic  fibers,  the  latter  being 
most  concentrated  around  nerve  fascicles.  The 
mtity  of  epineurial  tissue  varies  and  is  more 
abundant  in  the  vicinity  of  joints.  Whereas  large 
nerves  have  a well-developed  epineurium  con- 
sisting of  adipose  tissue  as  well  as  nutrient  ar- 
teries, veins,  and  lymphatics,  all  of  which  follow 


the  course  of  the  nerve  (fig.  2-3A,B),  minute 
nerves  consisting  of  but  one  fascicle  often  possess 
little  epineurial  tissue.  Mast  cells  in  small  num- 
ber are  also  present  in  epineurium. 

A functionally  specialized  structure,  the  peri- 
neurium, is  contiguous  with  the  arachnoid  mem- 
brane (fig.  2-2)  and  ensheaths  individual  periph- 
eral and  autonomic  nerve  fascicles  as  well  as 
their  ganglia  (figs.  2-3A-C,  2-6A,B ).  Although  peri- 
neurial  and  arachnoidal  cells  share  a common 
immunophenotype,  they  differ  somewhat  at  the 
ultrastructural  level  (see  below).  The  cytogenesis 
of  perineurial  cells,  whether  derived  from  the 
Schwann  cell,  fibroblast,  or  arachnoidal  cell,  re- 
mains unsettled  (6).  The  terms  “perineurial  fi- 
broblasts” and  “perineurial  epithelium”  should 
therefore  be  avoided.  Perineurium  consists  of 
layers  of  concentrically  disposed,  flattened,  po- 
lygonal cells  separated  by  thin  layers  of  collagen 
(figs.  2-7,  2-8).  The  number  of  perineurial  cells 
ensheathing  any  one  fascicle  varies  in  proportion 
to  fascicle  size.  Distal  nerve  twigs  often  possess 
but  a single  layer  of  perineurial  cells,  whereas 
large  fascicles  may  possess  ten  or  more.  At  the 
termination  of  sensory  nerves,  perineurium  be- 
comes incorporated  into  the  architecture  of  spe- 
cialized sensory  structures  (see  below).  In  motor 
nerves  the  perineurium  ends  in  a funnel-like 
aperture  capping  the  motor  end-plate.  Perineur- 
ial cells  function  as  a diffusion  barrier.  In  con- 
junction with  the  specialized  vasculature  of  pe- 
ripheral nerve,  they  help  to  maintain  the 
physiologic  milieu  of  the  endoneurium. 


10 


The  Normal  Peripheral  Nervous  System 


v 

Endoneurium 


Perineural  cells 
Basement  mem 

Fibroblast 
Collagenous  matrix 


Schwann  cell 
Basement  mem 

Myelin  sheath 
a 


Histiocyte 


Lymphatic 


Arteriole 


— — v — v 

Perineurium  Epineurium 


MAYO 

©1996 


Adipocyte 


Mast  cell 


Venule 


Figure  2-5 
THE  ESSENTIAL 
ELEMENTS  OF 
EPINEURIUM, 
PERINEURIUM,  AND 
ENDONEURIUM 


Contained  within  the  encircling  perineurium 
is  th e endoneurium,  a compartment  surrounding 
axons  and  accompanying  Schwann  cells,  and 
wherein  fibroblasts,  macrophages,  mast  cells, 
and  capillaries  reside  (figs.  2-4-2-7L  The  cellular 
constituents  of  the  endoneurium  are  similar  in 
spinal  nerve  roots  and  peripheral  nerves.  Ap- 
proximately 20  to  30  percent  of  the  endoneurium 
consists  of  endoneurial  fluid  and  connective  tis- 
sue matrix.  Albumin  is  the  major  protein  compo- 
nent of  the  endoneurial  fluid  and  its  transfer 
through  the  blood-nerve  barrier  may  increase  in 
pathologic  conditions.  The  connective  tissue  ma- 
trix is  composed  of  collagen  fibrils,  mainly  of  type 
1,  but  also  2 and  3.  Longitudinally  oriented  and 
in  part  closely  ensheathing  nerve  fibers,  they 
form  what  were  once  termed  the  sheaths  of 
Plenk  and  Laidlaw,  and  of  Key  and  Retzius.  A 
distinct  but  inconspicuous  feature  of  endoneur- 
ium is  the  finding  of  Renaut  bodies,  cylindrical 
hyaline  structures  lying  on  the  inner  aspect  of  the 
perineurium.  They  are  collagen  rich  and  Alcian 
blue  positive,  as  is  the  remainder  of  the  en- 
doneurium. The  function  of  Renaut  bodies  is 
uncertain,  but  their  increased  number  near  nor- 
mal joints  as  well  as  in  the  setting  of  compressive 
neuropathies  suggests  that  they  may  have  a 
mechanical  role  as  cushions. 

The  vasa  nervorum,  the  vascular  supply  of 
peripheral  nerves,  is  derived  from  regional  arter- 
ies entering  the  epineurium,  wherein  they  run 


longitudinally  and  form  an  anastomosing  plexus 
(figs.  2-3A,B,  2-5,  2-6A,B).  Arteriolar  branches 
obliquely  penetrate  the  perineurium  to  gain  ac- 
cess to  the  endoneurial  space.  As  they  do,  they 
carry  with  them  a short  sleeve  of  perineurium. 
The  longitudinally  oriented  endoneurial  capillary 
network  is  surrounded  by  pericytes.  Its  non- 
fenestrated capillary  endothelium  is  in  part  the 
basis  of  the  “blood-nerve  barrier.”  This  barrier  is 
lacking  in  dorsal  root  and  autonomic  ganglia.  Un- 
like epineurium,  endoneurium  lacks  lymphatics. 

Whether  engaged  in  myelin  production  or  not, 
Schwann  cells  ensheath  axons  of  all  sizes  ( figs.  2-5, 
2-6C,D).  The  cytoplasm  of  the  myelin-forming 
Schwann  cells  distributed  along  the  length  of 
axons  is  wrapped  around  them  in  a spiral  fashion. 
In  myelinated  nerves  only  one  Schwann  cell  en- 
sheaths  an  axon  segment.  In  unmyelinated  fibers, 
portions  of  several  axons  are  individually  encased 
in  a simple,  cuff-like  manner  by  a single  Schwann 
cell.  These  relationships  are  schematically  and 
ultrastmcturally  illustrated  in  figures  2-5, 2-7, 2-9, 
and  2-10.  Although  on  transverse  hematoxylin  and 
eosin  ( H&E  (-stained  sections  large  axons  may  be 
recognized  as  eosinophilic  dots  at  the  center  of 
myelin  sheaths,  they  and  their  relation  to  the 
sheaths  are  more  readily  seen  with  special  stains 
(fig.  2-6).  In  longitudinal  sections,  Schwann  cell 
nuclei  appear  elongate  and  are  serially  arranged 
along  the  axon  (fig.  2-llA,B).  Their  cytoplasm 
varies  from  pink  to  inconspicuous  depending  on 
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Figure  2-6 

NORMAL  NERVE  IN  CROSS  SECTION 

A:  On  H&E  stain,  a nerve  fiber-filled  fascicle  is  surrounded  by  perineurium.  Myelinated  axons  are  numerous  and  mainly 
pear  as  dots,  each  surrounded  by  a cuff  of  myelin.  Unmyelinated  axons  are  minute  and  inapparent. 

L The  toluidine  blue-stained  semi-thin  section  shows  these  microanatomic  features  in  greater  detail,  particularly  the  direct 
relationship  between  axon  diameter  and  the  thickness  of  myelin  sheaths.  An  arteriole  is  present  within  a perineurial  septum. 

C:  A Luxol-fast  blue-periodic  acid-Schiff-Bielschowsky  stain  shows  myelin  in  sensorimotor  nerves  to  be  prominent  when 
compared  to  largely  unmyelinated  autonomic  nerves  (see  fig.  2-17B). 

D:  A combination  immunostain  (PGP  9.5)  and  LFB  preparation  underscores  the  considerable  variation  in  axon  and  myelin 
sheath  size.  (B  and  D,  courtesy  of  Dr.  P.  C.  Johnson,  Tucson,  Arizona.) 


The  Normal  Peripheral  Nervous  System 


Figure  2-7 
NORMAL 

CUTANEOUS  NERVE 
Portion  of  a dermal  nerve  illus- 
trating myelinated  and  unmyelin- 
ated axons  and  endoneurial  colla- 
gen fibrils.  A three  cell  thick 
sheath  of  perineurial  cells,  the 
perineurium,  is  present  at  the  top 
(X10.600). 


Figure  2-8 
SURAL  NERVE 
PERINEURIAL  SHEATH 
Seven  layers  of  perineurial 
cells  are  illustrated.  The  thin  peri- 
neurial cell  cytoplasmic  processes 
contain  prominent  pinocytotic 
vesicles  and  are  coated  on  both 
sides  by  a thick  continuous  base- 
ment membrane.  Collagen  fibrils 
are  found  in  the  intercellular  ma- 
trix (X13.800). 


mm± 
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whether  the  nerve  is  myelinated  or  not.  Axons  are 
difficult  to  visualize,  since  in  longitudinal  section 
they  typically  enter  and  exit  the  visual  plane.  On 
routine  H&E  sections,  only  sizable  myelinated 
axons  are  discernible.  The  visualization  of  axons  is 
greatly  enhanced,  however,  by  silver  impregnation 
methods  (Bielschowsky  or  Bodian  stain)  and  of 
course  by  immunostaining  for  neurofilament  pro- 
tein (fig.  2-llD,E).  Some  structures,  such  as  nodes 


of  Ranvier,  points  of  abutment  between  adjacent 
Schwann  sheaths,  are  most  clearly  seen  in  plas- 
tic-embedded, semi-thin  sections  (fig.  2-12).  At 
the  light  microscopic  level,  the  intimate  relation- 
ship between  Schwann  cells  and  axons  is  best 
appreciated  on  teased  fiber  preparations.  Histo- 
chemically,  Schwann  cells  exhibit  pericellular 
reticulin  staining  which  corresponds  to  the  base- 
ment membrane,  a structure  composed  of 


13 


Tumors  of  the  Peripheral  Nervous  System 


Figure  2-9 
UNMYELINATED 
NERVE  FIBERS 
This  human  sural  nerve  bi- 
opsy shows  numerous  unmy- 
elinated axons  (A)  embedded 
within  the  surface  of  a single 
Schwann  cell.  The  processes 
are  entirely  surrounded  but  no 
spiral  of  myelin  is  present.  The 
Schwann  cell  nucleus  is  present 
at  the  right.  A continuous  base- 
ment membrane  surrounds  the 
entire  Schwann  cell  (arrows).  A 
“collagen  pocket”  is  also  noted 
(asterisk).  This  characteristic 
grouped  arrangement  of  axons 
is  known  as  a Remak  bundle 
(X28,200).  (Courtesy  of  Dr.  G. 
Moretto,  Verona,  Italy. ) 


Figure  2-10 

MYELINATED  NERVE  FIBER 

' is  small  myelinated  fiber  and  its  ensheathing  Schwann  cell  are  surrounded  by  a continuous  basement  membrane.  The  nucleus 
of  the  Schwann  cell  is  not  present  at  this  level.  The  axon  (A)  contains  neurofilaments,  microtubules,  and  a few  smooth  endoplasmic 
reticulum  profiles.  The  characteristic  periodicity  of  the  myelin  sheath  is  apparent,  with  clearly  visible  major  dense  fines.  Inner  mesaxon 
formation  is  seen  at  the  inner  aspect  of  the  myelin  sheath  in  the  adaxonal  space.  The  external  mesaxon  is  obliquely  cut  but  can  be 
clearly  identified  ( arrow ).  The  Schwann  cell  cytoplasm  at  this  level  contains  relatively  abundant  rough  endoplasmic  reticulum,  glycogen, 
and  a small,  spherical  Elzholz  body  (X36,000).  (Courtesy  of  Dr.  G.  Moretto,  Verona,  Italy.) 
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Figure  2-11 

NORMAL  PERIPHERAL  NERVE:  LONGITUDINAL 
SECTION  OF  A SINGLE  NERVE  FIBER 

A:  On  H&E  stain,  axons  are  barely  discernible  as  delicate 
gray  threads  obscured  by  myelin  and  Schwann  cells. 

B:  The  latter,  particularly  their  nuclei,  are  best  seen  on 
S-100  protein  immunostain. 

C:  Myelin  is  most  apparent  with  the  LFB-PAS  stain. 

D:  Axons  are  identified  with  silver  stains,  such  as  the 
Bielschowsky  preparation. 

E:  Neuro filament  protein  immunostains  more  reliably 
demonstrate  axons  than  do  silver  impregnations. 
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Figure  2-12 

MYELINATED  PERIPHERAL  NERVE  IN  A 
SEMI-THIN,  OSMIUM-  AND  EOSIN-STAINED  SECTION 
Note  the  node  of  Ranvier  (center),  the  juncture  of  two  myelin 
sheaths.  (Courtesy  of  Dr.  P.  C.  Johnson,  Tucson,  Arizona.) 


laminin,  fibronectin,  entactin,  heparin  sulfate, 
and  collagen,  primarily  of  type  4. 

Myelin  is  a complex  substance  consisting  in 
large  part  (75  percent)  of  lipids,  including  choles- 
terol, sphingomyelin,  and  galactolipids,  and  to  a 
lesser  extent  (25  percent)  of  protein.  In  the  periph- 
eral nervous  system,  the  greater  part  of  the  protein 
consists  of  glycoprotein  Po,  a substance  lacking  in 
central  myelin.  This  appears  to  underlie  the  differ- 
ing antigenicity  and  perhaps  the  tinctorial  charac- 
teristics of  central  and  peripheral  myelin  (fig.  2- 
13).  Myelin-associated  glycoprotein  (MAG)  also 
] days  an  important  role  in  myelination,  being  pres- 
et in  myelin-forming  Schwann  cells  but  not  in 
those  accompanying  unmyelinated  fibers. 

Peripheral  nerve  fibers  are  classified  by  neuro- 
physiologists according  to  their  diameters,  which 
are  directly  related  to  their  conduction  velocity. 


Figure  2-13 

NORMAL  SPINAL  CORD  AND  NERVE  ROOT 
IN  LONGITUDINAL  SECTION 
This  LFB-PAS  stain  shows  the  transition  zone  between 
the  central  and  peripheral  nervous  systems.  Note  the  lighter 
staining  of  central,  oligodendrocyte-derived  myelin  of  the 
spinal  cord  (right)  as  opposed  to  peripheral  or  Schwann  cell 
myelin  in  nerve  roots  (left). 


Myelinated  fibers  conduct  more  rapidly  than  do 
nonmyelinated  fibers.  Peripheral  nerve  fibers 
within  most  nerves  are  of  both  myelinated  and 
unmyelinated  type  (figs.  2-5,  2-7,  2-9,  2-10).  Their 
relative  frequencies  can  only  be  assessed  by  count- 
ing them  at  the  ultrastructural  level.  Although 
myelinated  fibers  are  readily  evident  in  epoxy-em- 
bedded, toluidine  blue-stained  sections  (fig.  2-6B), 
unmyelinated  fibers  are  not.  Longitudinal  sections 
of  peripheral  nerve  are  less  informative  than  are 
cross  sections,  not  only  in  demonstrating  varia- 
tions in  fiber  type  or  abnormalities,  such  as 
axonal  degeneration  or  demyelination,  but  in 
revealing  the  architectural  features  peculiar  to 
reactive  processes  and  some  neoplasms,  e.g.,  in- 
traneural  perineurioma. 
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Figure  2-14 
DORSAL  ROOT  AND 
SYMPATHETIC  GANGLIA 
Dorsal  root  (top)  and  sympa- 
thetic ganglia  (bottom),  at  the 
same  magnification  and  stained 
with  Masson’s  trichrome  stain, 
differ  markedly  in  size  but  exhibit 
basic  architectural  similarities. 
These  include  a delicate  fibrous 
capsule,  traversing  bundles  of  af- 
ferent and  efferent  nerve  fibers, 
and  clustering  of  ganglion  cells,  a 
feature  most  apparent  in  dorsal 
root  ganglia. 


Sensory  and  Autonomic  Ganglia 

Despite  significant  differences  in  their  size, 
the  general  architectural  features  of  ganglia,  be 
they  spinal  or  autonomic,  are  similar  (fig.  2-14). 

Sensory  Ganglia.  As  previously  noted,  fibers 
giving  rise  to  sensory  nerves  originate  either  in 
cranial  nerve  sensory  ganglia  or  in  dorsal  root  gan- 
glia. Aside  from  differences  in  their  size  and  content 
of  cytoplasmic  Nissl  substance,  no  significant 
differences  exist  between  their  ganglion  cells.  All 
possess  centrally  situated  round  nuclei  with  ve- 


sicular chromatin  and  prominent  nucleoli.  En- 
sheathed  by  perineurial  cells  and  dura,  the  ganglia 
consist  of  often  clustered  cell  bodies  separated  by 
bundles  of  myelinated  dorsal  root  fibers  (fig. 
2-15).  The  neurons  or  ganglion  cells  in  dorsal  root 
ganglia  are  of  two  types,  small  and  large.  These 
vary  in  terms  of  their  neurotransmitter  content 
and  are  functionally  distinct.  Individual  ganglion 
cells  are  surrounded  by  specialized  Schwann  cells 
(satellite  or  capsular  cells ).  In  dorsal  root  ganglia, 
these  totally  surround  ganglion  cells  and  possess 
delicate  overlapping  cytoplasmic  processes.  The 
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Figure  2-15 

DORSAL  (SENSORY)  ROOT  GANGLION 

Left:  On  trichrome  stain,  the  ganglion  is  seen  to  be  surrounded  by  a collagenous  capsule. 

Right:  The  connective  tissue  capsule  surrounding  the  ganglion  contains  perineurial  cells  as  evidenced  by  epithelial 
membrane  antigen  (EMA)  staining  (upper  left). 


cellular  ensheathment  is  invested  by  basement 
membrane.  As  expected,  special  histochemical 
and  immunocytochemical  stains  clearly  distin- 
guish the  satellite  and  other  Schwann  cells  of 
ganglia  from  ganglion  cells  and  their  processes 
(fig.  2-16).  No  synapses  are  present  in  dorsal  root 
ganglia.  Although  ganglion  cells  do  possess  prox- 
imal and  distal  processes,  these  result  from 
branching  of  a short,  initially  unipolar  and 
highly  coiled  process  termed  the  glomerular  seg- 
ment. Lastly,  in  an  ill-defined  region  of  transi- 
tion proximal  to  the  ganglion,  Schwann  cells  are 
replaced  by  oligodendrocytes  on  centrally  di- 
rected processes  (fig.  2-13).  The  extent  of  this 
sition  zone  may  be  somewhat  variable  and 
does  not  strictly  correspond  to  the  anatomic  limit 
between  a nerve  root  and  the  spinal  cord  surface. 

Autonomic  Ganglia.  Ganglia  are  also  found 
in  the  sympathetic  and  parasympathetic  divisions 


of  the  autonomic  nervous  system.  The  structure 
of  sympathetic  and  dorsal  root  ganglia  are  very 
similar  (figs.  2-16,  2-17).  Both  are  invested  by  a 
fibrous  tissue  capsule  contiguous  with  epineu- 
rium.  Their  ganglion  cells  are  surrounded  by 
satellite  or  capsular  cells  although,  unlike  in 
dorsal  root  ganglia,  the  investment  is  often  in- 
complete. In  further  distinction,  autonomic  gan- 
glion cells  are  multipolar  and  receive  synapses 
from  preganglionic  fibers.  The  majority  of  these 
synapses  are  to  dendrites.  As  in  dorsal  root  gan- 
glia, autonomic  ganglion  cells  are  not  uniform: 
some  are  relatively  large  with  eccentric  nuclei, 
vesicular  chromatin,  prominent  nucleoli,  and 
abundant  Nissl  substance.  Dense  core  granule- 
containing,  these  cells  are  adrenergic.  In  many 
sympathetic  ganglia  a second,  minor  population  of 
smaller  ganglion  cells  is  identified,  the  nuclei  of 
which  are  often  ovoid  or  convoluted  and  contain 
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Figure  2-16 

DORSAL  (SENSORY)  ROOT  GANGLION 

A:  The  clustered  ganglion  cells  lie  separated  by  bundles 
of  their  nerve  fibers. 

B,C:  The  ganglion  cells  with  their  centrally  situated 
nuclei  are  surrounded  by  satellite  cells  best  seen  on  toluidine 
blue  stained  semi-thin  sections  (B)  and  on  S-100  protein 
immunostain  (C). 

D,E:  Myelinated  nerve  fiber  bundles  traversing  the  gan- 
glion are  seen  with  LFB-PAS-Bielschowsky’s  stain  (D)  as  well 
as  with  neurofilament  protein  immunostain  (E). 
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Figure  2-17 

CERVICAL  SYMPATHETIC  GANGLION  AND  NERVE 

Although  these  ganglia  closely  resemble  dorsal  root  (sensory)  ganglia  (fig.  2-12),  at  least  three  differences  (A)  are  apparent. 
Sympathetic  ganglia  appear  more  cellular,  and  their  neurons  are  both  smaller  and  feature  eccentric  nuclei.  On  LFB-PAS- 
Bielschowsky’s  stain  (B),  sympathetic  nerves  are  seen  to  be  largely  unmyelinated  and  to  contain  minute  axons.  The  small  size 
of  these  axons  is  best  seen  on  neurofilament  protein  immunostains  (C). 
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Figure  2-18 

PARASYMPATHETIC  GANGLIA  OF  COLON 

The  myenteric  plexus  consists  of  ganglia  and  nerves  distributed  as  a circumferential  layer  between  inner  and  outer  muscle 
coats. 


more  heterochromatin.  These  cells  contain  large 
dense  core  granules  and  are  dopaminergic. 

Of  parasympa  thetic  ganglia,  those  arising  in 
the  gastrointestinal  tract  are  most  relevant  to 
the  surgical  pathology  of  the  peripheral  nervous 
system  (fig.  2-18).  They  lie  within  the  wall  of  the 
gut,  connected  with  nerves  derived  from  the 
vagus  nerve  and  the  sacral  outflow.  Such  intra- 
mural ganglia  occur  in  two  locations,  the  submu- 
cosa (Meissner’s  plexus)  and  between  the  layers 
of  the  muscularis  propria  (Auerbach’s  or  myente- 
ric plexus).  Surrounded  by  satellite  or  capsular 
cells,  the  ganglion  cells  possess  many  dendrites 
and  typically  have  eccentrically  situated  nuclei, 
again  of  vesicular  type  with  prominent  nucleoli. 
Parasympathetic  nerves  of  the  gut  are  choliner- 
gic. They  contain  not  only  acetylcholine,  but  also 
vasoactive  intestinal  polypeptide,  a gut  hormone. 
A number  of  other  peptides  have  also  been  iden- 
tified in  parasympathetic  nerves  and  ganglia. 
Stimulation  of  parasympathetic  nerves  generally 
increases  muscular  activity,  circulation,  and  se- 
cretion. In  contrast,  these  activities  are  decreased 
by  stimulation  of  the  sympathetic  nerves,  the 
ganglia  of  which  lie  outside  the  gut. 


The  principal  histologic  stains  useful  in  the 
study  of  peripheral  nerve  pathology  are  summa- 
rized in  Table  2-1. 

Specialized  Nerve  Endings 

Because  non-neoplastic  lesions  may  affect 
specialized  nerve  endings,  and  since  a variety  of 
peripheral  nerve  neoplasms  may  mimic  the  ar- 
chitecture of  sensory  endings,  a brief  discussion 
is  in  order  (5,10,15). 

Nerve  endings,  among  which  sensory  ones  are 
most  numerous,  include  free  nerve  endings,  ex- 
panded tip  endings,  and  encapsulated  tip  endings. 
Free  nerve  endings  are  unassociated  with  special- 
ized receptor  structures  and  subserve  pain,  touch, 
and  temperature  sensation.  Their  fibers  usually 
measure  less  than  1 mm  in  diameter  and  lose  their 
Schwann  sheaths  near  their  terminations.  Such 
receptors  are  most  numerous  in  epidermis  and 
cornea,  about  tendons,  and  within  soft  tissue.  Ex- 
panded tip  endings  are  characterized  by  bulbous 
terminations.  Principal  among  them  are  Merkel’s 
touch  corpuscles  which  consist  of  10-mm  nerve 
terminals  forming  a flat  disk  upon  the  Merkel  cells 
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Table  2-1 

HISTOLOGIC  TECHNIQUES  FOR  PERIPHERAL  NERVES 


General  Stains 

Hematoxylin  and  eosin 
Reticulin 

Masson  trichrome 
Alcian  blue 
Toluidine  blue 

Stains  for  Myelin 

Luxol-fast  blue 
Periodic  acid-Schiff 
Osmium 
Congo  red 

Stains  for  Axons 

Bodian,  Bielschowsky,  or 
Palmgren  (silver  stains) 

Immunocy  toche  mi  stry 

S-100  protein 
Leu-7  (CD56) 

Glial  fibrillary  acidic  protein 
Myelin  basic  protein 
Epithelial  membrane  antigen 
Synaptophysin 
Neurofilament  protein 
Collagen  4,  laminin 


Detection  of  inflammation  including  vasculitis,  fibrosis;  myelin  and  axons 
Basement  membrane  surrounding  Schwann  cells  in  normal  nerve  are  barely 
evident,  but  are  more  readily  demonstrated  in  nerve  sheath  tumors 
Fibrosis;  fibrinoid  necrosis  in  vasculitis;  myelin,  red 
Glycosaminoglycans,  blue 

Mast  cells,  metachromatic;  general  stain  for  semi-thin  resin  sections 


Myelin,  blue;  can  be  combined  with  silver  stains  for  axon 
Degenerating  myelin  and  macrophages;  perineurium 
Myelin,  black 
Amyloid 


Axons,  black 


Schwann  cells,  normal  and  neoplastic 
Schwann  cells,  normal  and  neoplastic 
Some  Schwann  cells  and  Schwann  cell  tumors 
Myelin 

Perineurial  cells 
Axons,  neurons 
Axons,  neurons 
Basement  membranes 


of  skin  receptors  involved  in  pressure  sensation. 
Expanded  nerve  terminals  for  cold  sensation 
terminate  upon  basal  epidermal  cells.  Encapsu- 
lated tip  endings  are  among  the  most  frequent  of 
sensory  endings  encountered  in  peripheral 
nerve  pathology.  These  include  Meissner  corpus- 
cles, pacinian  corpuscles,  and  muscle  spindles. 

Meissner  Corpuscles.  These  receptors 
sense  low  frequency  vibrations  and  touch,  and 
are  most  numerous  in  glabrous  skin  of  the  fin- 
gertips, palms,  and  soles,  as  well  as  in  sensitive 
mucosal  surfaces.  They  measure  50  to  150  pm 
and  are  small  in  comparison  to  pacinian  corpus- 
cles. Meissner  corpuscles  are  laminated  struc- 
tures (fig.  2-19)  composed  of  flattened  layers  of 
Schwann  cells  oriented  across  the  long  axis  of 
r several  nerve  fibers  entering  one  end  of 
die  corpuscle.  Having  lost  their  myelination, 
such  fibers  branch  or  spiral  in  a zigzag  fashion, 
making  contact  with  the  specialized  Schwann 
cells  throughout  the  corpuscle.  As  expected,  the 


layered  Schwann  cells  are  S-100  protein  immu- 
noreactive  and  the  axons  stain  for  neurofilament 
protein  (fig.  2-19B,C)  ( 15).  Normal  Meissner  cor- 
puscles lack  EMA  reactivity  ( 16). 

Pacinian  (Vater-Pacini)  Corpuscles.  These 
structures  were  the  first  receptors  to  be  recog- 
nized and  have  been  particularly  well  studied 
(5).  They  are  fully  differentiated  in  the  20-cm 
fetus  and  function  as  pressure  or  tension  recep- 
tors capable  of  sensing  high  frequency  vibra- 
tions. It  is  thought  unlikely  that  stimulation  of 
pacinian  corpuscles  produces  subjective  sensa- 
tions. They  are  most  numerous  in  the  deep  dermis 
of  the  hands  and  feet.  To  underscore  their  fre- 
quency, a single  finger  may  contain  up  to  350  such 
corpuscles  (5).  Their  well-documented  association 
with  arteriovenous  anastomoses  of  the  skin  sug- 
gests that  pacinian  corpuscles  also  have  a vas- 
oregulatory  role.  Such  corpuscles  are  also  found 
in  the  vicinity  of  joints,  tendons,  periosteum  and 
perimysium,  as  well  as  within  mesentery  and 
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Figure  2-19 

MEISSNER  CORPUSCLES 
These  tactile  bodies  lie  within  the  papillary  dermis  (A) 
and  consist  of  stacked  lamellae  of  S-100  protein-positive 
Schwann  cells  (B)  between  which  are  interposed  neurofila- 
ment protein-positive  axons  (C). 


C 
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sensitive  mucosal  surfaces.  They  are  also  found 
in  association  with  large  vessels  where  they  ap- 
pear to  act  as  pressor  receptors.  Single  or  occa- 
sionally paired,  pacinian  corpuscles  are  con- 
nected to  their  parent  nerve  by  a myelinated 
nerve  fiber.  Less  often  they  are  more  intimately 
associated  with  the  parent  nerve,  lying  either 
within  the  epineurium  or  near  the  perineurium. 

Pacinian  corpuscles  represent  the  largest  of 
sensory  receptors,  measuring  less  than  1 mm  in 
maximal  dimension  at  birth  and  up  to  4 mm  in 
adulthood.  Their  structure  and  function  is  the 
basis  of  a recent  review  (4).  Distributed  singly  or 
in  groups  (see  fig.  3-15),  these  oval  or  occasion- 
ally folded,  rice  grain-like  structures  are  sur- 
rounded by  a collagenous  capsule  and  consist  of  an 
outer  and  inner  bulb  (fig.  2-20A,B).  The  outer  bulb 
is  composed  of  20  to  60  onion-like  lamellae  of 
flattened  perineurial  cells  with  scant  intervening 
collagen  fibrils  (fig.  2-20B,C).  Each  layer  measures 
approximately  1 pm  in  thickness  and  is  epithelial 
membrane  antigen  immunopositive  (fig.  2-20D) 
( 15).  A sizable  artery  enters  the  mid-portion  of  the 
corpuscle,  its  capillaries  ramifying  within  the 
interlamellar  spaces.  At  the  avascular  center  of 
the  corpuscle,  the  inner  bulb,  lies  a large,  neu- 
rofilament protein-positive  (fig.  2-20E)  nerve 
fiber  which  has  lost  its  myelin  sheath  to  become 
flattened,  branched,  and  coiled.  Its  spray  of 
knob-like  terminal  endings  occupies  the  center  of 
the  corpuscle  and  is  surrounded  by  multiple  lamel- 
lae of  S-100  protein-immunoreactive  Schwann 
cells  (fig.  2-20F).  Pacinian  corpuscles  grow  by  the 
addition  of  lamellae  and  by  retrograde  extension 
along  their  nerve.  In  the  process,  their  myelinated 
nerve  fibers  come  to  lie  more  deeply  within  the 
corpuscle.  With  age,  the  corpuscles  exhibit  regres- 
sive changes,  become  smaller  and  irregular  in 
configuration,  and  undergo  interlamellar  and  peri- 
corpuscular  fibrosis. 

Muscle  Spindles.  These  highly  specialized 
receptors  are  involved  in  proprioception.  Al- 
though present  in  all  striated  muscles,  they  are 
most  numerous  in  those  involved  in  delicate 
movements  of  the  eye,  hand,  and  neck.  Muscle 
spindles  consist  of  3 to  20  modified  striated  muscle 
fibers  ranging  from  1 to  5 mm  in  length  and  up  to 
0.2  cm  in  diameter.  Termed  intrafusal  fibers,  they 
are  smaller  than  normal  skeletal  muscle  fibers. 
Intrafusal  fibers  include  one  or  two  long,  thick 
fibers  with  central  aggregated  nuclei  (nuclear  bag 


fibers)  as  well  as  more  numerous  short,  thin 
fibers  in  which  nuclei  are  arranged  longitudi- 
nally (nuclear  chain  fibers).  Both  exhibit  cross 
striations.  Myelinated  motor  and  sensory  nerve 
fibers  enter  the  muscle  spindle  to  branch  and 
spiral  among  the  muscle  fibers  at  its  center.  The 
nerves  maintain  tone  within  the  spindle  and 
sense  its  degree  and  rate  of  stretch.  Analogous 
structures  also  occur  in  tendons  (tendon  spindles 
of  Golgi).  For  a more  detailed  discussion  of  the 
microanatomy  of  the  muscle  spindle,  the  reader 
is  referred  to  authoritative  texts  (13,14). 

IMMUNOCYTOCHEMISTRY 

Familiarity  with  the  immunoreactivities  of 
nerve  is  important  to  understand  nerve  sheath 
tumors.  Schwann  cells  are  characterized  by 
strong  staining  for  vimentin  and  S-100  protein, 
an  acidic  protein  of  unknown  function.  Both 
Schwann  cells  engaged  in  myelin  formation  and 
those  in  nonmyelinated  nerves  are  immunoreac- 
tive.  Leu- 7,  an  antibody  directed  against  human 
killer  T cells,  also  stains  Schwann  cells  by  recog- 
nizing a carbohydrate  epitope  on  myelin-associ- 
ated glycoprotein  (MAG)  (12).  Some  but  not  all 
Schwann  cells  stain  for  glial  fibrillary  acidic 
protein  (GFAP),  the  principal  component  of  glial 
fibrils  in  both  astrocytes  and  ependymal  cells  (8). 
This  antigen  seems  to  be  present  mainly  in 
Schwann  cells  not  engaged  in  myelin  formation 
(9).  As  previously  noted,  pericellular  basement 
membrane  contains  laminin,  fibronectin,  en- 
tactin,  and  various  collagens,  mainly  type  4. 
Thus  immunoreactivity  for  collagen  4 and 
laminin  is  of  diagnostic  use  for  the  demonstra- 
tion of  Schwann  cell-associated  basement  mem- 
branes. MAG  plays  a role  in  myelination,  being 
present  in  the  membranes  of  Schwann  cells  en- 
gaged in  myelination  but  lacking  in  those  accom- 
panying nonmyelinated  axons.  Perineurial  cells 
also  exhibit  vimentin  staining  but  unlike 
Schwann  cells,  lack  immunoreactivity  for  S-100 
protein,  Leu-7,  and  GFAP  (11,12).  Perineurium 
and  arachnoid  membrane  (2,11)  share  some  sim- 
ilarities in  that  both  are  reactive  for  epithelial 
membrane  antigen  (EMA),  a group  of  carbohy- 
drate-rich, protein-poor,  high  molecular  weight 
substances  present  in  nearly  all  epithelia  and  in 
plasma  cells.  Nerve  sheath  fibroblasts  are  im- 
munoreactive  for  vimentin  alone. 
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Figure  2-20 

PACINIAN  CORPUSCLES 

These  specialized  receptors,  here  seen  at  the  dermal-subcutaneous  junction  (A),  consist  of  an  outer  core  composed  of  spherical 
laminae  of  perineurial  cells  (B)  with  interposed  delicate  collagen  (C,  trichrome).  The  perineurial  cells  stain  for  epithelial 
membrane  antigen  (D).  The  delicate  central  nerve  fiber  and  accompanying  Schwann  sheath  that  comprise  the  inner  core  are 
best  seen  on  neurofilament  protein  (E)  and  S-100  protein  immunostains  (F). 
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Figure  2-21 
MYELIN  SHEATH 

Detail  of  the  myelin  sheath  of  a medium-sized  myelinated  nerve  from  the  parotid  gland.  The  myelin  sheath  consists  of 
alternating  major  dense  lines  with  a periodicity  of  approximately  12  nm  and  two  intraperiod  lines  with  a 2-nm  intraperiod 
gap.  The  double  intraperiod  lines  are  seen  in  favorable  planes  of  section  (arrows)  (X210,000). 


ULTRASTRUCTURE 

The  cellular  composition  and  fine  structural 
features  of  peripheral  nerves  are  readily  appar- 
ent on  transmission  electron  microscopy  (fig. 
2-7).  As  previously  noted,  unmyelinated  axons  in 
varying  number  are  enclosed  by  the  cytoplasm 
of  a single  Schwann  cell  (fig.  2-9).  Axons  are 
readily  recognized  by  the  presence  of  numerous, 
fairly  evenly  spaced  microtubules  having  an  av- 
erage diameter  of  25  nm,  as  well  as  of  10-nm 
neurofilaments.  Occasional  mitochondria  and  ri- 
bosomes also  are  found  within  axoplasm. 

Unlike  unmyelinated  nerve  fibers,  more  than 
one  of  which  may  be  embedded  within  the  surface 
of  a single  Schwann  cell,  myelinated  examples 
appear  as  a single  axon  surrounded  by  a myelin 
sheath  formed  by  concentric  wrappings  of  the 
Schwann  cell  membrane  (fig.  2-10).  The  space 
formed  by  the  outer  invaginating  Schwann  cell 
lembranes  is  called  the  external  mesaxon  (fig. 
2-10  ),  whereas  the  junction  where  the  membranes 
separate  to  surround  the  axon  is  sometimes  re- 
ferred to  as  the  internal  mesaxon.  Ultrastructural 
studies  show  the  myelin  sheath  to  be  formed  of 
uniform,  multilayered,  spiral  wrappings  of  the 


Schwann  cell  membrane  which  at  high  magnifi- 
cation appear  as  3-nm  thick  major  dense  lines 
alternating  with  an  intraperiod  line  doublet  sep- 
arated by  a space  known  as  the  intraperiod  gap 
(fig.  2-21)  (1).  The  periodicity  of  the  major  dense 
lines  is  approximately  12  nm. 

The  outer  Schwann  cell  membrane  of  both 
myelinated  and  unmyelinated  axons  is  separated 
from  the  endoneurial  matrix  by  a continuous 
basement  membrane  (figs.  2-9,  2-10).  The  en- 
doneurial matrix  is  electron  lucent  and  contains 
primarily  collagen  fibrils.  Cellular  constituents  of 
endoneurium  include  fibroblasts  containing  often 
branching  rough  endoplasmic  reticulum,  endo- 
thelial cells  and  pericytes  of  small  blood  capillar- 
ies, mast  cells,  and  macrophages. 

The  endoneurium  is  surrounded  by  the  peri- 
neurial  sheath  (fig.  2-7),  which  on  cross  section 
consists  of  multiple  layers  of  elongated  perineur- 
ial  cells  bounded  on  their  inner  and  outer  aspect 
by  a continuous,  irregularly  thick  basement  mem- 
brane and  a matrix  consisting  mainly  of  collagen 
fibrils  (fig.  2-8).  Perineurial  cells  with  their  elon- 
gate, blunt-ended  nuclei  are  characterized  by  long, 
thin,  bipolar  cytoplasmic  processes,  the  cell 
membranes  of  which  exhibit  pinocytotic  vesicles. 
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Such  vesicles  are  also  evident  in  the  cytoplasm 
of  perineurial  cells  (fig.  2-8).  Organelles  are 
sparse  although  diffuse  arrays  of  both  actin 
microfilaments  and  vimentin  intermediate  fila- 


ments may  be  prominent.  For  a more  detailed 
discussion  of  the  fine  structure  of  peripheral 
nerves,  the  reader  is  referred  to  several  author- 
itative texts  (1,14). 
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REACTIVE  LESIONS 


The  non-neoplastic  lesions  discussed  herein 
are  included  in  this  Fascicle  because  they  clini- 
cally, radiographically,  or  histologically  mimic 
neoplasms.  Of  these,  traumatic  and  pacinian 
neuromas  are  “true  neuromas,”  hyperplastic  le- 
sions composed  of  both  axons  and  nerve  sheath 
elements.  The  term  is  also  applied  to  mucosal 
neuromas  (see  chapter  5),  some  but  not  all  of 
which  have  a genetic  basis,  and  to  palisaded 
encapsulated  neuroma,  a hyperplastic  lesion  of 
unknown  etiology  (see  chapter  5).  Other  reactive 
lesions,  such  as  interdigital  neuritis  (Morton’s 
neuroma),  nerve  cysts,  and  neuritis  ossificans 
are  accompanied  by  degeneration  of  nerve  fibers. 
Thus,  the  spectrum  of  reactive  change  varies,  as 
does  the  etiology. 

TRAUMATIC  NEUROMA 

Definition.  This  is  a non-neoplastic,  disorga- 
nized proliferation  of  axons,  Schwann  cells,  and 
perineurial  cells,  all  in  a fibrocollagenous  stroma 
and  forming  a mass  at  the  site  of  partial  or 
complete  transection  of  a nerve.  Traumatic  neu- 
roma is  also  known  as  amputation  neuroma. 

General  Comments.  Although  normal  pe- 
ripheral nerve  is  the  site  of  intense  physiologic 
activity,  it  is  quiescent  in  terms  of  cell  turnover. 
No  Schwann  cell  multiplication  is  evident.  In- 
jury is  required  to  prompt  proliferative  changes 
in  nerve  sheath  cells.  The  most  commonly  en- 
countered example  of  a reparative  proliferation 
affecting  nerve  is  traumatic  neuroma,  the  proto- 
typic  “true  neuroma.”  An  understanding  of  this 
lesion  requires  familiarity  with  the  sequence  of 
events  occurring  in  experimental  nerve  transec- 
tion (2,5,7).  Successful  reinnervation  of  the  dis- 
tal stump  requires:  1)  relative  proximity  of  the 
injury  to  the  end  organ;  2)  proximity  of  the 
severed  proximal  and  distal  nerve  segments;  and 
3)  no  obstruction  to  the  path  of  regenerating 
axons.  With  reference  to  the  distal  segment, 
complete  degeneration  of  residual  axons  and  my- 
elin sheaths  (wallerian  degeneration)  is  required 
to  prepare  the  nerve  for  ingrowth  by  proximal 
neurites.  The  process  is  readily  apparent  at  24 
hours  when  fiber  fragmentation  is  underway. 


Lysosomal  enzymes  alter  the  degenerating  my- 
elin with  resultant  loss  of  its  birefringence  and 
characteristic  tinctorial  properties.  Thus,  nor- 
mally Luxol-fast  blue-positive  myelin  is  trans- 
formed into  periodic  acid-Schiff  (PAS)-, 
sudanophilic  oil  red  0-,  and  Marchi-positive  de- 
bris. By  4 weeks  Schwann  cells  and  macrophages 
will  have  removed  most  axonal  and  myelin  de- 
bris. In  its  place,  cords  or  tubes  of  basement 
membrane-enshrouded  Schwann  cells  (bands  of 
Biingner)  await  the  ingrowth  of  regenerating 
proximal  axons.  In  the  absence  of  the  latter,  the 
bands  atrophy  (4). 

Alterations  occurring  proximally  affect  both 
the  cell  body  and  axons.  The  cell  body  shows 
chromatolysis,  a decrease  in  prominence  of  Nissl 
substance  and  a manifestation  of  intense  syn- 
thetic activity.  The  severed  axon  undergoes  dra- 
matic changes  as  well.  Between  1 and  3 weeks 
after  transection  the  proximal  axonal  stump 
forms  an  organelle-rich,  50-  to  100-u.m  diameter 
expansion.  Neurites  emerge  from  the  expansion 
under  the  influence  of  nerve  growth  factor,  a 
substance  elaborated  by  surrounding  Schwann 
cells,  as  well  as  trophic  factors  secreted  by  mac- 
rophages. Growing  1 to  2 mm  per  day,  the  new 
axons  cross  the  trauma-induced  gap,  reach  the 
distal  nerve  segment,  and  colonize  the  bands  of 
Biingner.  Fibers  regenerate  down  the  bands,  ma- 
ture and,  if  possible,  reconnect  with  their  origi- 
nal or  with  a different,  but  meaningful,  target.  If 
misdirection  occurs  and  connections  cannot  be 
established,  fibers  atrophy. 

When  effective  regeneration  is  thwarted  be- 
cause the  outgrowing  axons  are  too  removed 
from  the  distal  stump  or  encounter  scar  tissue, 
the  result  is  a traumatic  neuroma.  The  lesion 
essentially  represents  a frustrated  attempt  at 
re-establishment  of  nerve  continuity  and  con- 
sists of  massive,  disorganized  tangles  of  micro- 
fascicles, each  a crude  caricature  of  a nerve, 
replete  with  axons,  Schwann  sheaths,  and  a 
perineurial  investment. 

Clinical  Features.  Following  nerve  injury, 
either  transection  or  crush,  the  previously  de- 
scribed degenerative  and  reparative  changes 
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Figure  3-1 

TRAUMATIC  NEUROMA 

Top:  This  intact  lesion  forms  a 
localized  bulbous  expansion  at  the 
distal  end  of  a once  transected  nerve. 

Bottom:  On  cut  section,  neuro- 
mas appear  as  localized,  gray-tan 
and  translucent  masses. 


ensue.  The  growth  of  new  axons  from  the  proxi- 
mal nerve  stump  begins  even  before  degenera- 
tion of  distal  axons  is  complete.  The  lesion  result- 
ing from  unsuccessful  regeneration  presents  as 
a firm,  often  tender  or  painful  nodule.  Whereas 
the  majority  of  traumatic  neuromas  arise  in  the 
postsurgical  setting,  in  some  instances  they  fol- 
low seemingly  insignificant  injury.  A rare  form 
occurs  in  utero  after  auto-amputation  of  a super- 
numerary digit  (8,11);  such  lesions  usually  ap- 
pear on  the  proximal,  ulnar  aspect  of  the  hand. 
Traumatic  neuromas  also  occur  at  visceral  sites, 
particularly  the  gallbladder  (3)  and  bile  ducts 
(9,12).  Most,  but  not  all  ( 6 ),  occur  months  to  years 
after  cholecystectomy  or  in  association  with  li- 
thiasis.  Occasional  examples  are  polypoid  (10). 

Gross  Findings.  Traumatic  neuromas  are 
somewhat  circumscribed,  gray-white,  nodular 
masses  which  occur  either  at  the  proximal  stump 
of  a transected  nerve  (fig.  3-1)  or  along  the  course 
of  an  incompletely  transected  or  otherwise  trauma- 
tized nerve  (fig.  3-2).  In  the  case  of  a nerve  plexus, 
severe  injury  may  result  in  the  formation  of  multi- 
ple neuromas  (fig.  3-3).  Nearly  all  traumatic  neu- 
romas are  less  than  5 cm  in  maximal  dimension. 


On  longitudinal  section  the  proximal  portion  of 
the  nerve  is  seen  to  splay  and  to  disappear  into 
a firm,  fibrous  mass.  These  features  are  best 
seen  in  whole  mount  sections  (figs.  3-2,  3-4A,B). 

Microscopic  Findings.  The  essential  fea- 
tures of  traumatic  neuroma  include  haphazard 
tangles  of  regenerated  axons  accompanied  by 
ensheathing  Schwann  cells.  As  previously  noted, 
the  process  is  unencapsulated  and  consists  of 
nerve  fibers  organized  into  microfascicles  of  vary- 
ing size  (figs.  3-2,  3-4C,D).  The  fibers  are  far  less 
myelinated  than  are  those  in  the  parent  nerve 
(fig.  3-5A).  Microfascicles  vary  in  size  and  appear- 
ance. When  well  formed  and  captured  in  cross 
section,  they  are  surrounded  by  a perineurial 
membrane  (fig.  3-5D).  On  occasion,  circumferen- 
tial proliferation  of  nerve  fibers  may  also  be  seen 
about  parent  nerve  fascicles  (fig.  3-6).  Proliferating 
nerve  fibers  and  fascicles  may  be  surrounded  by  a 
mucoid  matrix  (fig.  3-7A),  but  in  well-established 
neuromas  they  lie  enmeshed  in  fibrocollagenous 
tissue  (fig.  3-7B).  Extension  into  adipose  tissue  or 
even  nearby  skeletal  muscle  fibers  is  less  often 
seen  (fig.  3-7C,D).  Mild  chronic  inflammation  and 
focal  foreign  body  reaction  is  uncommon  (fig.  3-8). 
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Figure  3-2 

TRAUMATIC  NEUROMA 

Top:  This  example  formed  after 
trauma  without  complete  division 
of  the  nerve.  As  a result,  the  nerve 
is  still  in  continuity. 

Bottom:  On  Bielschowsky  stain, 
tangled,  newly  formed  micro- 
fascicles are  seen  to  comprise  the 
bulk  of  the  lesion.  Note  the  large 
entering  nerve  fascicles  (right)  and 
only  small  fascicles  within  the  le- 
sion (left). 


Immunohistochemical  Findings.  All  the 

immunoreactivities  of  normal  nerve  are  encoun- 
tered in  traumatic  neuromas.  Axons  are  positive 
for  neurofilament  protein  (fig.  3-5B),  Schwann 
cells  react  for  S-100  protein  (fig.  3-5C)  or  Leu-7, 
and  perineurial  cells  surrounding  microfascicles 
stain  for  epithelial  membrane  antigen  (fig.  3-5D). 

Ultrastructural  Findings.  In  early  phases  of 
regeneration,  axons  are  often  unmyelinated,  being 
surrounded  by  the  cytoplasm  of  Schwann  cells  (fig. 
3-9).  With  time,  limited  myelin  formation  results 
from  Schwann  cell  wrappings  about  axons  and 
microfascicles  become  surrounded  by  perineurium. 

Differential  Diagnosis.  In  that  traumatic 
neuromas  occur  at  almost  any  site,  the  differen- 
tial diagnostic  considerations  are  relatively 
broad.  Simulators  include  localized  interdigital 
neuritis  (LIN;  Morton’s  neuroma),  palisaded  en- 
capsulated neuroma,  mucosal  neuromatosis, 
schwannoma,  and  neurofibroma. 

As  a response  to  chronic  nerve  injury,  LIN  is 
etiologically  related  to  traumatic  neuroma.  Given 
the  stereotypic  clinical  setting  and  anatomic  loca- 
tion of  LIN,  the  two  lesions  are  usually  readily 
distinguished.  With  rare  exception,  LIN  is  limited 
to  the  feet  and  to  females.  Both  lesions,  but  partic- 
ularly LIN,  affect  grossly  recognizable  nerves.  Un- 
like traumatic  neuroma,  which  is  a proliferative, 


Figure  3-3 

TRAUMATIC  NEUROMA 

In  severe  injuries,  such  as  this  example  of  avulsion  of  the 
brachial  plexus,  traumatic  neuromas  are  multiple,  involving 
several  nerve  trunks. 
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Figure  3-4 

TRAUMATIC  NEUROMA 

• A whole  mount  section  demonstrates  a globular  example  associated  with  a small  myelinated  nerve  (lower  left).  Transition 
' t he  nerve  to  neuroma  is  clearly  seen.  Despite  apparent  circumscription,  these  lesions  lack  a capsule.  Instead,  this  trichrome 
preparation  highlights  associated  perilesional  Fibrosis.  (Fig.  3.402  from  Okazaki  H,  Scheithauer  BW.  Atlas  of  neuropathology, 
1988.  With  permission  from  the  Mayo  Foundation.) 

B:  Another  example  illustrates  the  manner  in  which  the  neuroma  (center  and  right)  erupts  from  the  parent  nerve  (left). 
C,D:  Varying  in  size  from  small  and  disorganized  (C)  to  larger  and  better  defined  (D),  newly  formed  microfascicles  make 
up  the  substance  of  traumatic  neuroma. 
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Figure  3-5 

TRAUMATIC  NEUROMA 

A:  Regenerating  nerve  fiber  bundles  (microfascicles)  become  arranged  in  relatively  uniform,  tangled  bundles  which  on 
Luxol-fast  blue-PAS  stain  are  seen  to  be  composed  of  variably  myelinated  nerves. 

B,C:  A delicate  collagenous  stroma  separates  the  fascicles.  Immunostains  for  neurofilament  protein  and  S-100  protein 
highlight  their  axons  and  Schwann  sheaths,  respectively. 

D:  A perineurial  investment,  best  seen  here  on  epithelial  membrane  antigen  immunostain,  surrounds  the  microfascicles. 
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Figure  3-6 

TRAUMATIC  NEUROMA 

An  unusual  finding  is  proliferation  of  axons  (A),  accom- 
panying Schwann  cells  (B),  and  perineurial  cells  (C)  in  a 
circumferential  pattern  about  the  parent  nerve  fascicles  (A, 
NF  protein;  B,  S-100  protein;  C,  EMA  immunostains). 


reparative  lesion  composed  of  microfascicles  of 
axons  with  accompanying  Schwann  cells,  LIN 
consists  of  a recognizable  nerve  with  marked 
degenerative  changes  affecting  epineurium,  peri- 
neurium, and  endoneurium.  Schwann  cell,  myelin, 
and  axonal  loss  typify  the  condition.  What  remains 
within  the  endoneurium  are  aligned,  albeit  dimin- 
ished numbers  of  axons  and  Schwann  cells.  Due 
to  preservation  of  architectural  features,  LIN  is 
more  orderly  than  the  random  meandering  of 
new  microfascicles  that  characterizes  traumatic 
rroma.  Lastly,  LIN  features  perineurial  fibro- 
.r  :•  elastic  tissue  deposition  as  well  as  peri- 
neural vascular  thrombosis  and  sclerosis. 

A number  of  features  aid  in  the  distinction  of 
palisaded  encapsulated  neuroma  (PEN)  from 
traumatic  neuroma.  Unlike  the  latter,  PENs 


occur  primarily  in  females,  are  superficially  situ- 
ated, and  are  usually  found  in  skin  rather  than  deep 
soft  tissue.  Traumatic  neuromas  are  more  fre- 
quently associated  with  a recognizable  nerve  and 
are  usually  microscopically  less  circumscribed  than 
are  PENs.  Although  both  lesions  consist  of  axons 
and  of  Schwann  and  perineurial  cells,  traumatic 
neuroma  represents  a more  orderly  physiologic  re- 
sponse, featuring  axons  uniformly  ensheathed  by 
Schwann  cells  as  well  as  microfascicle  formation, 
replete  with  perineurial  ensheathment.  In  con- 
trast, PEN  consists  in  greater  part  of  Schwann 
cells;  orderly  ensheathment  of  axons  and  well 
formed  microfascicle  formation  are  lacking.  In- 
stead, a delicate  perineurium  often  surrounds  all 
but  the  most  superficial  portions  of  PEN. 
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Figure  3-7 

TRAUMATIC  NEUROMA 

The  stroma  of  such  lesions  varies  from  partly  mucinous  (A)  to  dense  fibrous  connective  tissue  (B).  Some  lesions,  due  to  their 
loose  texture,  or  to  extension  into  surrounding  fibroadipose  tissue  (C)  or  muscle  (D),  superficially  resemble  neurofibroma. 
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Figure  3-8 

TRAUMATIC  NEUROMA 
Chronic  inflammation  and 
foreign  body  reaction  related  to 
the  original  trauma,  although 
an  uncommon  finding,  may  be 
a hint  to  the  diagnosis. 


Figure  3-9 

TRAUMATIC  NEUROMA, 
ULTRASTRUCTURE 
Resected  8 years  after  trau- 
matic amputation  of  the  lower 
leg,  this  stump  neuroma  arising 
from  a small  nerve  shows  three 
microfascicles,  each  composed 
largely  of  unmyelinated  axons, 
to  be  surrounded  by  a delicate 
perineurium  (XI, 800). 
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Also  in  the  differential  diagnosis  of  traumatic 
neuroma  is  mucosal  neuroma.  When  multiple  and 
consisting  of  well-formed  nerves,  as  in  multiple 
endocrine  neoplasia  (MEN)  lib,  the  distinction  is 
easy.  On  the  other  hand,  solitary  mucosal  neuro- 
mas such  as  those  of  the  biliary  system,  duodenum, 
and  appendix  may  closely  resemble  traumatic 
neuroma.  In  fact,  we  believe  the  two  lesions  may 
be  etiologically  related  (see  figs.  5-12,  5-13). 

Particularly  in  cases  in  which  biopsies  are  small 
and  nonrepresentative,  schwannoma  enters  into 
the  differential  diagnosis.  Unlike  traumatic  neu- 
roma, schwannomas  are  unassociated  with  ante- 
cedent trauma.  Whereas  traumatic  neuromas  are 
solid,  gray-white,  ill-defined,  complex  lesions  com- 
posed of  regenerating  axons  with  accompanying 
Schwann  and  perineurial  cells,  schwannomas  are 
encapsulated,  often  partially  cystic,  tan  or  yellow 
lesions  composed  only  of  Schwann  cells.  Features 
typical  of  schwannoma,  including  Antoni  A and 
B patterns  as  well  as  Verocay  bodies,  are  lacking 
in  traumatic  neuroma.  The  maximal  size  of  trau- 
matic neuroma  is  approximately  5 cm,  but 
schwannomas  are  often  considerably  larger. 
Whereas  Schwann  cell-ensheathed  axons  are 
present  throughout  traumatic  neuromas,  the 
parent  nerve  is  usually  eccentric  to  schwan- 
nomas, essentially  being  displaced  by  the  prolif- 
eration. As  a result,  neurofilament  protein  stains 
only  infrequently  show  small  numbers  of  en- 
trapped axons  within  the  subcapsular  region. 
Furthermore,  schwannomas  exhibit  S-100  pro- 
tein reactivity  but  lack  epithelial  membrane 
staining.  Fibrosis,  granulation  tissue,  and  focal 
inflammation,  common  features  of  traumatic 
neuroma,  are  not  seen  in  small  schwannomas. 
At  the  ultrastructural  level,  axons  are  usually 
not  encountered  in  schwannomas. 

Soft  tissues  are  a common  site  of  neurofibro- 
mas. Both  lesions  vary  in  gross  appearance,  being 
localized  or  less  defined.  Soft  tissue  infiltration 
may  be  widespread  in  neurofibroma  but  is  lim- 
ited in  traumatic  neuroma  (fig.  3-7C,D).  Due  in 
large  part  to  the  presence  of  a mucopolysaccharide 
matrix  in  neurofibroma,  the  latter  appears  less 
cellular  than  does  traumatic  neuroma.  This  ma- 
trix is  often  conspicuous  within  the  “worm-like” 
branches  of  plexiform  neurofibromas.  As  a re- 
sult, they  differ  in  appearance  from  the  far 
smaller,  complex  microfascicles  of  traumatic 
neuroma.  Histochemical  stains  and  immuno- 


stains  show  the  microfascicles  of  traumatic  neu- 
roma to  be  rich  in  axons,  whereas  they  are  gen- 
erally dispersed  in  neurofibroma. 

Treatment  and  Prognosis.  The  treatment 
of  fully  developed  traumatic  neuroma  is  simple 
excision.  Their  formation  may  be  avoided  if,  at 
the  time  of  nerve  injury,  the  ends  of  traumatized 
nerves  are  optimally  approximated  to  facilitate 
orderly  regeneration.  Graft  placement  may  be 
required  when  proximity  cannot  be  achieved. 

Resection  may  not  only  be  required  for  trau- 
matic neuromas  associated  with  pain  or  dyses- 
thesia, but  also  to  distinguish  them  from  recur- 
rent neoplasm  in  the  setting  of  prior  cancer 
surgery  (1).  Excision  of  the  traumatic  neuroma 
and  embedding  of  its  proximal  nerve  stump  into 
normal  soft  tissue  is  sufficient  treatment. 

LOCALIZED  INTERDIGITAL  NEURITIS 

Definition.  This  is  a non-neoplastic,  local- 
ized, degenerative  lesion  usually  affecting  a 
plantar  digital  nerve  and  characterized  by  axon 
and  myelin  loss  with  accompanying  fibrosis. 
Synonyms  include  Morton’s  neuroma,  plantar 
neuroma,  Morton’s  toe,  and  Morton’s  node. 

General  Comments.  Localized  interdigital 
neuritis  (LIN)  is  attributed  to  chronic,  repetitive 
nerve  trauma  as  well  as  to  ischemia  resulting 
from  vascular  and  perivascular  fibrosis  (16).  A 
vascular  role  is  supported  by  the  observation,  in 
early  cases,  of  fibrodegenerative  alterations  sur- 
rounding the  neurovascular  bundle  (15). 

Clinical  and  Radiographic  Features.  The 
clinicopathologic  features  of  LIN,  a common  le- 
sion, have  been  well  studied  (17).  Although  its 
precise  incidence  is  unknown,  LIN  affects  pri- 
marily, but  not  exclusively,  the  feet  of  adult  fe- 
males. The  process  is  usually  unilateral.  Fully 
90  percent  of  patients  present  with  moderate  to 
severe,  paroxysmal  pain  beneath  the  metatarsal 
arch  between  the  third  and  fourth  toes.  The 
second  and  third  interspaces  may  also  be  af- 
fected. Point  tenderness  is  noted  on  compression 
over  the  interspace.  Pain  has  often  been  present 
for  weeks  to  years  and  is  typically  exacerbated 
by  exercise  and  relieved  by  rest.  The  condition  is 
usually  attributed  to  the  compressive  effects  of 
ill-fitting  shoes.  On  occasion,  a similar  lesion 
affects  the  hands,  usually  of  males  with  chronic, 
repetitive  occupational  trauma. 
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Figure  3-10 
LOCALIZED 

INTERDIGITAL  NEURITIS 
Top:  This  sequence  of  intraop- 
erative photographs  demonstrates 
the  neuroma  as  a firm,  gray,  fusi- 
form to  somewhat  nodular  expan- 
sion of  the  digital  plantar  nerve. 

Bottom:  Still  in  situ,  the  size  of 
the  lesion  (bottom)  is  contrasted 
with  the  normal-appearing  remain- 
der of  the  nerve  (upper  right). 


Gross  Findings.  LIN  presents  as  a localized, 
fusiform,  firm  expansion,  usually  at  the  bifurca- 
tion of  the  fourth  plantar  digital  nerve  (fig.  3-10). 
In  well-established  cases  the  nerve  sheath  is  often 
adherent  to  the  intermetatarsal  bursa  and  the 
adjacent  digital  artery.  Most  lesions  are  small, 
measure  less  than  1 cm  in  size,  and  grossly  resem- 
ble either  traumatic  neuroma  or  neurofibroma.  On 
cut  section  they  appear  gray-tan  and  fibrous. 

Microscopic  Findings.  Despite  obvious  en- 
largement of  the  plantar  digital  nerve,  LIN  is 


primarily  a degenerative  rather  than  a prolifer- 
ative process.  All  compartments  of  the  nerve  are 
involved,  but  basic  architectural  features  are 
preserved.  Epineurial  tissue  is  often  extensively 
flbrotic  (fig.  3-llA,B).  Vessels,  including  the  dig- 
ital artery,  are  hyalinized  (fig.  3- 11  A)  and  fre- 
quently thrombosed.  The  perineurium  appears 
thickened  (fig.  3-11B),  more  so  on  collagen  than 
PAS  stain  (fig.  3-11C).  Mucinous  degeneration  is 
present  in  early  cases  (fig.  3-12),  but  over  time 
gives  way  to  fibrosis.  Laminated  collagenous 
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Figure  3-11 

LOCALIZED  INTERDIGITAL  NEURITIS 

At  low  magnification,  the  digital  nerve,  its  perineurium  and  epineurium,  as  well  as  surrounding  vasculature  are  fibrotic 
(A,B).  These  changes  are  most  conspicuous  on  trichrome  stain  (C).  Intraneural  collagenous  nodules  are  also  a feature  of  some 
examples  (D). 
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Figure  3-12 

LOCALIZED  INTERDIGITAL  NEURITIS 
Endoneurial  mucin  accumulation  may  be  seen  (A),  and  is 
most  apparent  on  Alcian  blue  stains  (B).  In  many  instances, 
elastosis  is  also  evident  (C,  Elastic  Van  Gieson). 


nodules,  a nonspecific  feature,  may  be  seen  within 
the  endoneurium  (fig.  3-11D).  Stromal  deposition 
of  elastic  tissue  (elastofibrositis)  is  a late-stage 
feature  (fig.  3-120  (15).  Although  special  stains 
are  generally  not  required  to  make  a diagnosis  of 
localized  interdigital  neuritis,  silver  stains  for 
axons  as  well  as  stains  for  myelin  typically  show  a 
reduction  of  both  (fig.  3-13).  Loss  of  axons  and 
Schwann  sheaths  is  also  evident  with  im- 
munostains  (fig.  3-14).  In  keeping  with  the  chronic 
C ure  of  LIN,  the  changes  are  unaccompanied  by 
ous  wallerian  degeneration  or  Schwann  cell 
hyperplasia.  No  significant  inflammation  is  seen, 
although  fibrin  deposits  are  common  and  nearby 
synovium  included  in  an  occasional  biopsy  may 
show  mild  nonspecific  chronic  inflammation. 


Immunohistochemical  Findings.  Resid- 
ual axons  are  seen  on  neurofilament  stain  but 
are  reduced  in  number.  S-100  protein  stains 
show  a proportionate  reduction  in  Schwann 
cells.  Epithelial  membrane  antigen  preparations 
highlight  the  abnormal  architecture  of  the 
hyalinized  perineurium. 

Ultrastructural  Findings.  Aside  from  fibro- 
sis of  extraneural  tissues,  electron  microscopy  re- 
veals a variety  of  changes  in  the  digital  nerve, 
including  endoneurial  vessel  thickening  due  to 
multilayering  of  basement  membrane,  edema 
and  sclerosis  of  endoneurium  with  collagen  fibril 
deposition,  thickening  of  the  perineurial  sheath, 
degenerative  changes  in  nerve  fibers,  and  my- 
elin loss  (14). 
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Figure  3-13 

LOCALIZED  INTERDIGITAL  NEURITIS 

Reduction  in  axons  and  myelin  loss  are  apparent  on  silver  impregnation  for  axons  (left)  and  on  myelin  stain  (right).  (Left, 
Bielschowsky;  right,  Luxol-fast  hlue-PAS.) 


Differential  Diagnosis.  The  clinical  and 
morphologic  features  of  LIN  are  so  characteristic 
that  few  lesions  enter  into  the  differential  diag- 
nosis. Unlike  traumatic  neuroma,  a proliferative 
process,  the  nerve  is  intact  and  lacks  the  low- 
power,  tangled,  microfascicular  architecture  of 
that  lesion.  LIN  is  degenerative  in  nature:  the 
axons  are  decreased  in  number  and  aligned  rather 
than  regenerating  and  haphazardly  arranged. 

Treatment  and  Prognosis.  Although  a 
change  of  footwear  or  steroid/anesthetic  injec- 
tion may  alleviate  symptoms  ( 13),  resection  may 
be  required.  The  failure  rate  of  neurectomy  is 
approximately  10  percent.  This  is  due,  in  nearly 
all  instances,  to  the  formation  of  a traumatic 
neuroma,  the  resection  of  which  is  curative  ( 18). 

PACINIAN  NEUROMA 

Definition.  This  neuroma  results  from  hyper- 
trophy or  hyperplasia  of  pacinian  corpuscles,  with 


or  without  associated  degenerative  changes.  It  is 
also  known  as  pacinian  corpuscle  neuroma, 
pacinian  corpuscle  hyperplasia,  and  pacinioma. 

General  Comments.  The  basic  anatomy  and 
physiology  of  pacinian  corpuscles  as  well  as  their 
immunohistochemical  and  ultrastructural  fea- 
tures are  described  in  chapter  2.  Briefly,  pacin- 
ian corpuscles  are  mechanoreceptors  which  are 
most  numerous  in  deep  layers  of  the  skin  of 
hands  and  feet,  but  also  occur  in  the  walls  of 
viscera,  in  mesentery,  and  within  the  adventitia 
of  vessels.  In  the  hands,  the  site  most  often 
affected  by  pacinian  neuroma,  corpuscles  are 
preferentially  situated  in  palmar  fat  beneath  the 
level  of  sweat  glands,  near  the  periosteum  on  the 
lateral  aspects  of  the  proximal  and  middle  phalan- 
ges, between  flexor  tendons  and  periosteum,  and 
at  the  bases  of  proximal  phalanges  ( 28).  At  surgery, 
their  characteristic  locations  serve  as  anatomic 
landmarks  for  nerves.  It  is  of  note  that  pacinian 
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Figure  3-14 

LOCALIZED  INTERDIGITAL  NEURITIS 

The  effects  of  degenerative  changes  upon  the  architecture  of  the  digital  nerve  are  best  appreciated  on  neurofilament  protein 
(left)  and  S-100  protein  immunostains  (right)  which  show  nerve  fibers  and  Schwann  sheaths  to  be  reduced  in  number,  dispersed, 
and  distorted. 


corpuscles  undergo  morphologic  changes  in  re- 
sponse to  trauma  or  physiologic  stimuli.  In  both 
animals  (29)  and  man  (44),  they  are  capable  of 
regeneration  from  terminations  of  their  nerves. 
Given  the  frequent  association  of  pacinian  neu- 
roma with  prior  trauma  (see  below)  and  the  near 
normal  morphology  of  many  examples,  we  view 
them  not  as  neoplasms  but  as  a form  of  true 
neuroma  (68).  A diagnostic  word  of  caution  is  in 
order.  In  view  of  the  frequent  operative  finding  of 
a sizable  corpuscle! s)  in  the  absence  of  an  alter- 
native explanation  for  a patient’s  symptoms, 
pacinian  neuromas  are  no  doubt  overdiagnosed. 

Clinical  Features.  Pacinian  neuromas  occur 
most  frequently  in  the  hands  and  are  important 
in  the  differential  diagnosis  of  digital  pain.  The 
English-speaking  literature  contains  in  excess  of 
20  reported  cases  affecting  the  hands  (23,26,27, 
33-36,38-40,47,49,53,54,56,58,69).  Pacinian  neu- 


romas affecting  the  feet  may  be  associated  with 
a compression  syndrome  resembling  localized 
interdigital  neuritis  (37,65).  With  the  rare  excep- 
tion of  two  extremely  longstanding  and  perhaps 
congenital  examples  (33  [case  1 1, 49),  both  bilateral 
and  affecting  the  thumbs,  most  pacinian  neuromas 
occur  in  adults  in  the  fifth  and  sixth  decades. 
Females  are  twice  as  often  affected.  The  majority 
of  lesions  are  associated  with  a history  of  prior 
direct  or  nearby  trauma  with  an  interval  to  clinical 
presentation  of  weeks  to  years.  Pacinian  neuromas 
occurring  in  the  hands  are  all  related  to  digital 
nerves.  Nearly  all  occur  in  fingers,  primarily  the 
index  and  middle,  or  rarely  in  the  palm  (34).  Un- 
usual patterns  of  disease  include  involvement  of 
multiple  digits  (33  [case  1 1,36,49)  and  of  two  nerves 
of  the  same  digit  (26,39,40,69).  Erosion  of  adjacent 
bone  is  an  uncommon  feature  (36,47).  Pain  is 
present  in  nearly  all  cases  and  sensory  loss  in  a 
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Figure  3-15 

PACINIAN  NEUROMA 

Schematic  representation  of  the  most  common  growth  patterns.  Modified  from  Rhode  and  Jennings  (36). 


few.  Asymptomatic  lesions  incidentally  encoun- 
tered at  surgery  are  uncommon  (34,49). 

On  rare  occasion  pacinian  neuromas  occur 
within  the  abdomen.  Specific  locations  have  in- 
cluded the  pancreatic  region  (59),  mesentery 
(62),  and  aortic  adventitia  (30).  Most  such  neu- 
romas have  occurred  at  a site  of  prior  surgery. 
Some  have  been  associated  with  spinal  dysraph- 
ism  (21,22). 

Gross  Findings.  Pacinian  neuromas  do  not 
form  a tumor-like  mass.  Whether  hypertrophic  or 
of  relatively  normal  size,  single  or  multiple,  the 
constituent  corpuscles  appear  as  rice-like,  pearl 
gray,  often  ovoid  nodules  embedded  in  fibroareo- 
lar  tissue.  Their  entering  nerves  may  be  suffi- 
ciently prominent  or  numerous  as  to  make  multi- 
ple corpuscles  appear  interconnected.  Pacinian 
neuromas  vaiy  considerably  in  terms  of  surgical 
anatomy.  Based  upon  the  number  of  constituent 
corpuscles,  their  spatial  distribution,  and  their 
relation  to  the  parent  nerve,  Rhode  and  Jennings 
developed  a simple  four-tier  classification  of  pacin- 
ian neuromas  (fig.  3-15)  (54).  Their  categories  in- 
clude: type  A,  a single  enlarged  subepineural  cor- 
puscle; type  B,  enlarged  corpuscles  arranged  in 
tandem  beneath  the  epineurium;  type  C,  a grape- 
like cluster  of  pacinian  corpuscles  of  normal  size 
attached  to  the  digital  nerve  by  a fine  filament; 
and  type  D,  multiple  hyperplastic  corpuscles  ar- 
ranged along  the  length  of  the  affected  nerve. 
Unfortunately,  the  application  of  this  scheme  is 
predicated  upon  data  obtained  only  by  detailed 
or  extensive  dissection.  Overall,  the  majority  of 
pacinian  neuromas  are  of  type  B,  whereas  lesions 


of  types  C and  D are  rare.  Normal  corpuscles  as 
well  as  most  hypertrophic  and  hyperplastic  ex- 
amples are  attached  to  a digital  nerve  by  a min- 
ute nerve  fiber.  On  the  other  hand,  some  exam- 
ples (type  A pattern)  are  actually  situated  within 
the  perineurium  (23,26,35,54,69).  Although  not 
always  apparent  at  surgery,  nerve  compression  is 
considered  to  be  the  basis  of  symptoms.  As  a rule, 
no  gross  nerve  injury  is  seen. 

Microscopic  Findings.  Pacinian  neuromas 
consist  of  enlarged  or  multiple  pacinian  corpuscles 
(fig.  3-16),  some  associated  with  fibrosis.  When  ag- 
gregated in  a mass,  their  smooth  contoured  profiles 
lie  jumbled  in  fibroareolar  tissue  but  not  surrounded 
by  a fibrous  capsule.  The  corpuscles  may  vary  in 
shape  (fig.  3-17,  left)  or  appear  to  be  “budding.” 
Hypertrophic  corpuscles  generally  measure  more 
than  1.6  mm  in  greatest  dimension  (34)  and  most 
exhibit  greater  than  20  concentric  lamellae  (40 
to  60  in  some  cases).  Degenerative  changes  are 
commonly  seen  and  include  capsular  and  inter- 
lamellar  collagen  deposition  (fig.  3-17,  left)  as 
well  as  perineural  and  endoneurial  fibrosis  of 
nerves  entering  the  corpuscles  (fig.  3-17,  right). 
Capsular  elastosis  is  an  uncommon  finding,  even  in 
neuromas  of  the  feet,  a site  at  which  elastic  fibers 
are  normally  found  within  corpuscle  capsules  (50). 
In  some  cases  fibrosis  is  marked  (fig.  3-18,  left)  and 
the  inner  core  lacks  a nerve  fiber  (fig.  3-18,  right). 

Given  the  frequent  association  of  pacinian  neu- 
romas with  antecedent  injury,  it  is  not  surprising 
that  an  occasional  example  is  accompanied  by  a 
traumatic  neuroma  (33  [case  31).  Also,  given  the 
normal  association  of  pacinian  corpuscles  with 
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Figure  3-16 

PACINIAN  NEUROMA 
Clustering  of  corpuscles  (Rhode 
and  Jennings  pattern  C),  as  in  this 
example  from  the  transverse  mesoco- 
lon, represents  a common  form  of 
pacinian  neuroma. 


Figure  3-17 

PACINIAN  NEUROMA 

I hese  micrographs  show  a pacinian  neuroma  of  irregular  contour  with  thickening  of  its  capsule  and  somewhat  disordered, 
sclerotic  lamellae  in  the  outer  core  (left).  Its  entering  nerve  is  also  affected  (right). 
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Figure  3-18 

PACINIAN  NEUROMA 


Advanced  degenerative  changes  include  dense  sclerosis  of  the  entire  corpuscle,  a change  best  seen  on  tri  chrome  stain  (left), 
as  well  as  loss  of  the  nerve  fibers  within  the  inner  core  (right). 


arteriovenous  anastomoses,  pacinian  neuromas 
occur  in  association  with  contiguous  or  spatially 
separate  glomus  tumors  (38). 

Immunohistochemical  Findings.  The  im- 
munoprofile  of  pacinian  neuroma  is  that  of  nor- 
mal pacinian  corpuscles.  The  perineurial  cell 
lamellae  comprising  the  outer  core  are  epithelial 
membrane  antigen  positive,  whereas  Schwann 
cells  and  axons  within  the  inner  core  are  reactive 
for  S-100  protein  and  neurofilament  protein,  re- 
spectively (20,27,63). 

Ultrastructural  Findings.  Electron  micro- 
scopic studies  have  shown  that  the  outer  lamel- 
lae of  the  pacinian  corpuscle  consist  of  long,  thin 
perineurial  cell  processes  with  prominent  pino- 
cytotic  vesicles  (see  chapter  2).  Since  these  outer 
lamellae  are  immunoreactive  for  epithelial 
membrane  antigen  (see  below),  and  the  pacin- 
ian-like structures  found  in  pacinian  neurofibro- 


mas have  the  immunohistochemical  and  ultra- 
structural  features  of  perineurial  cells  (57,61, 
67),  it  can  be  assumed  that  the  lamellae  of  the 
hyperplastic  pacinian  corpuscles  composing 
pacinian  neuromas  also  exhibit  these  features. 

Differential  Diagnosis.  Pacinian  neuromas 
may  be  confused  with  n ormal  pacin  ia  n corpuscles 
or  with  neurofibromas  containing  tactile  body- 
like structures,  so-called  pacinian  neurofibro- 
mas. Since  the  resection  of  pacinian  neuromas 
does  not  always  result  in  relief  of  digital  pain, 
questions  may  arise  as  to  the  nature  of  pacinian 
corpuscles  commonly  found  in  resection  speci- 
mens. Findings  favoring  a diagnosis  of  pacinian 
neuroma  over  an  incidentally  discovered  pacin- 
ian corpuscle  include:  1)  a history  of  local 
trauma;  2)  point  tenderness  and  palpability  of  a 
lesion;  3)  the  operative  findings  of  nodule(s)  vari- 
ously related  to  a peripheral  nerve;  4)  corpuscle 
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abnormalities  such  as  large  size,  increased  num- 
ber, and  abnormal  shape;  5)  microscopic  abnor- 
malities or  degenerative  changes  such  as  fibrosis 
or  loss  the  inner  core  of  the  corpuscle! s);  and  6) 
postoperative  resolution  of  pain. 

Of  tumors  exhibiting  tactile  corpuscle-like  dif- 
ferentiation, the  one  most  often  linked  to  pacin- 
ian neuroma  is  the  so-called  pacinian  neurofi- 
broma. The  term  has  been  loosely  applied  to 
palpable  masses  of  varied  histology  occurring  at 
a variety  of  sites,  usually  ones  only  rarely  af- 
fected by  pacinian  neuroma.  Such  tumors  bear 
no  resemblance  to  pacinian  neuromas  as  dis- 
cussed here.  In  retrospect,  a number  of  reported 
pacinian  neurofibromas  can  be  reclassified  as 
dermal  nerve  sheath  myxoma  (32,45,48)  and 
neurothekeoma  (51  lease  1|).  Of  the  remainder, 
the  numerous  corpuscle-like  structures  are  ei- 
ther unaccompanied  by  an  underlying  lesion  ( 24, 
43)  or  occur  in  association  with  proliferations 
resembling  large  nevi  ( 25,46 ),  neurofibromas  ( 3 1, 
57,61,64,67),  schwannoma  (52),  possible  trau- 
matic neuroma  ( 19),  or  unclassifiable  lesions  (51 
[case  2]).  The  distinction  of  these  processes  from 
the  fully  differentiated  pacinian  neuroma  with 
its  characteristic  morphology  and  anatomically 
appropriate  localization  generally  poses  no  prob- 
lem. Morphologically,  the  tactile  corpuscle-like  dif- 
ferentiation most  often  seen  in  neurofibroma 
closely  resembles  that  ofWagner-Meissner  corpus- 
cles (41,42,66).  Whether  considered  to  be  pacinian 
or  Wagner-Meissner  in  type,  their  features  are 
similar  (42,61,66,67 ),  exhibiting  perineurial-like 
ultrastructure  despite  expression  of  S-100  pro- 
tein immunoreactivity  (60,66).  Thus,  such  cells 
show  hybrid  features  and  resemble  the  perineur- 
ial-like  cells  often  seen  in  neurofibromas.  We 
agree  with  Fletcher  and  Theaker  (33)  that  true 
pacinian  differentiation  has  never  been  convinc- 
ingly demonstrated  in  benign  or  malignant  nerve 
sheath  neoplasms.  Pacinian  body-like  structures 
have  also  been  demonstrated  in  experimentally 
induced  nerve  sheath  tumors  (55). 

Treatment  and  Prognosis.  Although  initial 
::cision  is  curative,  the  symptoms  of  pacinian 
leuroma  occasionally  persist  and  are  only  re- 
lieved after  additional  resection  of  corpuscles  not 
found  at  first  surgery  (39).  Care  must  be  taken 
to  spare  the  parent  nerve,  particularly  in  cases 
in  which  corpuscles  lie  within  the  epineurium. 


NERVE  CYST 

Definition.  These  are  solitary  or  multifocal, 
often  mucin-filled,  nonepithelial-lined,  uniloculate 
or  multiloculate  cysts  involving  a peripheral  nerve. 
Synonyms  include  nerve  ganglion,  pseudocyst  of 
nerve,  and  mucinous  ganglion  cyst. 

General  Comments.  Cysts  involving  periph- 
eral nerve  are  rare  and  occur  in  two  principle 
forms,  solitary  and  multiple.  The  relation  of  the 
two  is  unclear.  Most  are  fibrous-walled  and  are 
situated  in  the  vicinity  of  a joint.  The  nature  and 
origin  of  nerve  cysts  is  unsettled.  Their  location  in 
areas  subject  to  mechanical  stress  favors  a trau- 
matic etiology  (97).  In  our  experience,  many  arise 
from  a joint,  in  which  case  they  secondarily  attach 
themselves  to  or  extend  into  epineurium.  Yet  oth- 
ers originate  within  nerve  sheath.  The  most  fre- 
quent location  of  nerve  sheath  cysts  is  the  common 
peroneal  nerve  near  the  head  of  the  fibula  (72, 
87,90).  In  one  review,  this  nerve  was  affected  in  86 
percent  of  cases  (94).  Other  sites  include  the  ulnar 
nerve  at  the  wrist  (70,78,85),  the  median  nerve 
(79,84),  and  the  posterior  interosseous  (80),  ra- 
dial (95),  suprascapular  (83),  tibial  (76),  lateral 
popliteal  (92),  and  sural  (81)  nerves. 

As  noted  above,  the  majority  of  nerve  cysts  arise 
near  a joint,  either  from  its  capsule  (figs.  3-19, 3-20) 
or  rarely,  from  underlying  bone  (74,90).  The  pres- 
ence of  a pedicle  connecting  the  lesion  with  the 
tibiofibular  joint  (94)  in  almost  half  of  the  pero- 
neal nerve  cysts  provides  supportive  evidence  for 
an  extrinsic  origin  of  many  such  examples  (92,93). 
Still  other  nerve  cysts,  particularly  multifocal- 
appearing  examples  (fig.  3-21),  originate  in  nerve 
sheath  as  a degenerative  change. 

Clinical  Features.  Patients  with  nerve  cysts 
range  in  age  from  4 to  74,  with  a mean  of  34, 
years  (89,90).  Pediatric  examples  are  uncommon 
(90).  Approximately  80  percent  are  males  (94). 
The  cysts  cause  nerve  compression  with  resul- 
tant motor  dysfunction,  pain,  or  sensory  loss 
(94).  Peroneal  nerve  cysts  may  cause  atrophy  of 
the  muscles  of  the  anterior  compartment  of  the 
leg,  a steppage  gait,  and  pain  on  the  anterolat- 
eral surface  of  the  leg  and  dorsum  of  the  foot  (90). 
As  a rule,  sensory  loss  is  slight  (90).  A tender  and 
fluctuant  mass  is  often  present  on  palpation. 
Percussion  of  the  lesion  often  elicits  a positive 
Tinel’s  sign,  i.e.,  tingling  sensation  radiating  dis- 
tally  in  an  extremity  upon  percussion  of  a nerve 
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Figure  3-19 
NERVE  CYST 

The  peroneal  nerve  is  the  most  com- 
mon site  of  nerve  cysts.  This  example 
was  related  to  local  trauma  8 months 
prior.  At  surgery  (A)  the  cyst  was  found 
to  arise  from  the  tibiofibular  joint  to 
which  it  was  connected  by  a stalk.  The 
anterior  tibial  nerve  lies  inferior  to  the 
cyst;  markedly  compressed  and  dis- 
placed, it  was  contiguous  with  the  cap- 
sule. Grossly,  the  cyst  contained  clear 
fluid  and  appeared  thin-walled,  dis- 
tended, and  translucent  (B).  Micro- 
sections of  another  example  show  typi- 
cal features  of  a ganglion  (C).  (A,B:  Figs. 
3.406  and  3.407  from  Okazaki  H, 
Scheithauer  BW.  Atlas  of  neuropathol- 
ogy, 1988.  With  permission  from  the 
Mayo  Foundation.) 


lesion.  The  diagnosis  may  be  suspected  on  ultra- 
sonography or  magnetic  resonance  imaging 
(77,88).  Electromyograms  demonstrate  a neu- 
ropathy. On  imaging  scans  the  configuration  of 
the  cysts  may  suggest  either  a cystic  nerve 
sheath  tumor  or,  in  the  case  of  multifocal  cystic 
change,  a plexiform  neurofibroma. 

Gross  Findings.  At  surgery  (fig.  3-19)  the 
nerve  is  variably  affected,  being  either  locally 
displaced  and  compressed  by  a uniloculate  cyst 
(fig.  3-19)  or  misshapen  by  multiple  cysts  along 
its  length  (fig.  3-20).  The  lesions,  measuring  up 
to  10  cm  in  greatest  dimension,  may  be  either 
lobulated  or  fusiform,  and  uniloculate  or  multi- 
loculate  (“daughter  cyst”  formation).  Gentle  dis- 
section shows  nerve  sheath  cysts  to  either  origi- 
nate from  a nearby  joint  through  a stalk  which 


appears  to  serve  as  a ‘Tall  valve”  (fig.  3-19A,B) 
or  within  epineurium  as  a beaded  multilocular 
lesion  involving  a nerve  segment  (fig.  3-20).  The 
lesions  typically  displace  nerve  fascicles  and 
when  ruptured,  drain  a clear  fluid.  In  the  case  of 
joint-associated  examples,  this  may  be  yellow 
and  more  viscid  than  normal  joint  fluid. 

Microscopic  Findings.  Microscopically, 
nerve  cysts  somewhat  resemble  ordinary  ganglion 
cysts  because  of  the  fibrous  wall  and  lack  of  an 
epithelial  lining  (fig.  3-19C).  The  walls  of  cysts 
occasionally  contain  distorted  nerve  fascicles 
(fig.  3-21,  left)  or  abut  the  perineurium  of  ones 
adjacent  (fig.  3-21,  right).  Loose-textured  mesen- 
chymal cells  comprise  early  examples  (fig.  3-22, 
left),  whereas  abundant  collagen  and  occasion- 
ally plump  cells  simulate  a lining  in  chronic 
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Figure  3-20 
NERVE  CYST 

Top:  This  tibial  nerve  example 
showed  multiple  cysts  to  be  distrib- 
uted within  a segment  of  epineurium. 

Bottom:  A longitudinal  section  of 
another  example  shows  multiple 
cysts  and  segments  of  nearby,  dis- 
placed nerve  fascicles. 


lesions  (fig.  3-22,  right).  Occasional  vacuolated 
cells  or  histiocytes  may  be  present  within  the 
mucoid  or  proteinaceous  material  that  fills  the 
cyst  cavity.  Accumulation  of  mucin  may  some- 
times be  seen  in  endoneurium  (fig.  3-23). 

Immunohistochemical  Findings.  Lacking 
the  characteristics  of  nerve  sheath,  the  cells 
comprising  the  nerve  cyst  wall  stain  for  vimentin 
and  perhaps  actin,  but  are  nonreactive  for  S-100 
>rotein(fig.  3-21,  right)  (90)  and  epithelial  mem- 
brane antigen. 

Ultrastructural  Findings.  One  ultrastruc- 
tural  study  of  the  wall  of  a nerve  cyst  found  the 
constituent  cells  to  be  myofibroblasts  rather 
than  synovial  cells  (94). 


Differential  Diagnosis.  A markedly  cystic 
schwannojna  with  involvement  of  a grossly  rec- 
ognizable nerve  is  readily  distinguished  from  a 
nerve  cyst  of  the  large,  uniloculate  type,  given 
the  absence  in  nerve  cyst  of  a biphasic  Antoni  A 
and  B pattern,  Verocay  bodies,  and  reactivity  for 
S-100  protein.  Ganglion  and  synovial  cysts  of  the 
spine  frequently  compress  nerve  roots  (82,86).  A 
ruptured  Baker’s  or  synovial  cyst,  as  occurs  in 
rheumatoid  synovitis,  can  also  cause  nerve  en- 
trapment or  compression  and  may,  therefore, 
clinically  simulate  a nerve  cyst  (71,73,75). 

Treatment  and  Prognosis.  Although  the 
treatment  of  nerve  cysts  is  operative  intervention, 
there  is  currently  no  uniform  surgical  approach. 
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Figure  3-21 
NERVE  CYST 

On  cross  section,  several  nerve  fascicles  seem  to  lie  within  (left)  or  to  abut  the  cyst  (right). 


Figure  3-22 
NERVE  CYST 

Left:  In  early  phases  of  cyst  development,  the  lining  is  thin. 

Right:  With  time,  fibrosis  ensues  and  its  inner  aspect  may  assume  a pseudoepithelial  appearance. 
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Figure  3-23 
NERVE  CYST 

Fascicles  nearby  a cyst  may  show  endoneurial  accumu- 
lation of  mucinous  fluid. 


Treatment  varies  from  simple  drainage  to  mar- 
supialization or  subtotal  excision  of  the  cyst.  The 
latter  is  favored  by  those  who  view  total  excision 
as  damaging  to  nerve  or  detrimental  to  neuro- 
logic function.  Alternatively,  some  believe  that 
use  of  an  operating  microscope  permits  total 
removal  of  nerve  cysts  without  significant  dam- 
age to  nerve  fibers  (90).  Whereas  simple  drain- 
age is  often  followed  by  cyst  recurrence,  complete 
excision  sometimes  results  in  severe  or  complete 
nerve  deficit  (90).  A 1982  literature  review  (96) 
md  65  percent  of  surgically  treated  patients  to 
ave  complete  return  of  nerve  function  after 
surgery;  the  remainder  experienced  residual  pa- 
resis or  paralysis.  The  overall  rate  of  recurrence 
of  nerve  cysts  reportedly  varies  from  7 (93)  to  23 
percent  (91). 


ENDOMETRIOSIS  OF  SCIATIC  NERVE 

Clinical  Features.  Although  the  most  com- 
mon cause  of  sciatic  pain  is  vertebral  disk  prolapse, 
when  cyclic  in  nature  and  occurring  in  reproduc- 
tive-age females,  the  differential  diagnosis  in- 
cludes endometriosis.  To  date,  only  9 cases  of 
endometriosis  affecting  the  sciatic  nerve  have 
been  reported  (101).  In  early  cases,  the  diagnosis 
had  been  suspected  (100),  but  it  was  not  until 
1955  that  the  first  biopsy-proven  example  of 
nerve  involvement  was  reported  (98).  Symptoms 
typically  include  pain,  sensory  motor  deficits,  and 
occasionally  foot  drop.  In  classic  cases,  sciatica  just 
precedes  menses  and  persists  several  days  after 
cessation  of  flow.  With  time,  the  asymptomatic 
interval  often  becomes  shorter,  and  in  some  in- 
stances pain  becomes  constant.  The  right  sciatic 
nerve  is  most  often  affected,  since  the  position  of 
the  sigmoid  colon  prevents  implantation  of  endo- 
metriosis deposits  on  the  left  pelvic  side  wall. 

The  diagnosis  of  endometriosis  is  suggested 
by  the  cyclic  nature  of  the  pain  and  may  be 
confirmed  by  relief  of  symptoms  with  hormone 
suppression  treatment.  A negative  gynecologic 
examination  is  the  rule  and  does  not  exclude  the 
diagnosis.  Electromyography  may  help  localize  the 
lesion  by  distinguishing  nerve  root  from  peripheral 
nerve  involvement.  In  the  majority  of  cases,  neu- 
roimaging of  the  pelvic  peritoneum  demonstrates 
a characteristic  “pocket  sign”  (99),  a peritoneal 
evagination  containing  a mass  of  ectopic  endo- 
metrial tissue  (figs.  3-24,  3-25).  It  is  unclear 
whether  the  pocket  represents  a fully  developed 
preexisting  structural  abnormality  (fig.  3-24)  in 
which  endometrial  implants  come  to  lie,  or 
whether  the  implant  and  resulting  tissue  trac- 
tion promote  its  formation.  In  any  event,  careful 
intraoperative  examination  usually  demon- 
strates such  a pocket  as  well  as  endometrial 
tissue  compressing  or  involving  the  epineurium 
of  the  sciatic  nerve  or  its  roots  (fig.  3-26). 

Treatment  and  Prognosis.  Definitive  ther- 
apy consists  of  total  abdominal  hysterectomy  with 
bilateral  salpingo-oophorectomy.  On  the  other 
hand,  in  patients  wishing  to  preserve  reproductive 
function,  conservative  treatment  consists  of  metic- 
ulous resection  of  deposits  from  the  sciatic  nerve 
or  its  roots.  Radiation  therapy  is  also  reportedly 
curative.  Hormonal  suppression  therapy  has 
had  only  limited  success  (101). 
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HETEROTOPIC  OSSIFICATION 
OF  NERVE  (NEURITIS  OSSIFICANS) 

General  Comments.  This  rare  lesion  is  akin 
to  myositis  ossificans.  A similar  process  follows 
trauma  or  burns. 

Clinical  Features.  To  date,  only  one  well- 
documented  example  has  been  reported  (102).  It 
presented  as  a palpable  mass  in  a female  with  a 
9-year  history  of  sensory  abnormalities  referable 
to  an  ulnar  nerve,  but  no  prior  trauma.  At  surgery 
the  hard,  calcified  mass  was  situated  entirely 
within  intact  epineurium,  separating  but  not  di- 
rectly involving  fascicles.  Interfascicular  neuroly- 
sis led  to  sacrifice  of  only  a number  of  small  fasci- 
cles and  resulted  in  no  appreciable  neurologic 
deficits.  We  have  observed  an  identical  lesion 
involving  the  tibial  nerve  of  a 16-year-old  male 
with  a 4-week  history  of  acute  onset  of  painful 
pseudoparalysis  and  sensory  loss.  There  was  no 
history  of  prior  trauma  or  of  familial  neurologic 
or  metabolic  disease.  Partly  calcified  on  plain  X 
rays  and  measuring  4 cm,  the  lesion  lay  entirely 


Figure  3-24 

EVAGINATION  OF  PERITONEUM  OF 
RIGHT  BROAD  LIGAMENT  (“POCKET  SIGN”) 
(Fig.  1 from  Head  HB,  Welch  JS,  Mussey  E.  Espinosa  RE. 
Cyclic  sciatica:  report  of  a case  with  introduction  of  new 
surgical  sign.  JAMA  1962:180:521^.) 
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Figure  3-25 

SCHEMATIC  REPRESENTATION  OF  THE  “POCKET  SIGN” 

WITH  ENDOMETRIOSIS  AND  SCIATIC  NERVE  INVOLVEMENT 
Note  evagination  of  the  pelvic  peritoneum  with  endometriosis  at  its  base  and  in  intimate  association  with  the  sciatic  nerve. 
(Fig.  2 from  Head  HB,  Welch  JS,  Mussey  E,  Espinosa  RE.  Cyclic  sciatica:  report  of  a case  with  introduction  of  new  surgical 
sign.  JAMA  1962;180:521-4.) 
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Figure  3-26 
ENDOMETRIOSIS 
OF  SCIATIC  NERVE 
This  typical  deposit  lay  within  the 
sciatic  nerve  epineurium.  Note  the 
association  of  endometriotic  tissue 
with  minute  nerve  branches. 


M-  '***■»* 


Figure  3-27 

NEURITIS  OSSIFICANS 
The  periphery  of  this  epineurial 
lesion  occurring  in  a 16-year-old 
male  without  a prior  history  of 
trauma  shows  an  organized  lamellar 
pattern  of  bone  formation  resem- 
bling that  seen  in  myositis  ossificans. 


within  the  nerve  and  was  associated  with  edema 
of  surrounding  nerve  and  soft  tissue.  Lobulated 
and  peripherally  ossified,  its  resection  resulted 
in  sacrifice  of  one  third  of  the  nerve  fascicles,  but 
only  minimal  sensory  and  motor  loss.  The  histo- 
logic features  were  similar  to  those  of  myositis 
ossificans  (fig.  3-27). 

Although,  as  is  often  the  case  in  myositis  os- 
sificans, no  history  of  injury  was  elicited  in  the 
above-noted  cases,  we  suspect  that  neuritis  os- 
sificans is  a reaction  to  local  trauma.  This  is 


supported  by  the  rare  occurrence  of  somewhat 
similar,  post-traumatic  processes  (103,104)  that 
vary  in  extent.  Such  lesions  include:  1)  localized 
plaque-like  ossification  of  nerve  sheath;  2)  seg- 
mental ossification  of  nerve  and  an  adjacent  but 
separate  major  artery  (103);  3)  shell-like  peri- 
neural ossification  adherent  to  nerve;  and  4) 
destructive  lesions  in  which  ossification  and  fi- 
brosis replaced  an  entire  segment  of  nerve  with 
no  fascicles  remaining.  Short  of  one  reported 
case  (103)  in  which  mature  lamellar  bone  was 
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enmeshed  among  fascicles  of  the  median  nerve, 
many  of  these  lesions  feature  central  ossification, 
often  with  bone  marrow  formation  and  surround- 
ing reactive  fibrosis.  The  preoperative  evolution 
of  this  spectrum  of  post-traumatic  ossifications 
extended  from  as  little  as  7 months  to  12  years. 
Heterotopic  bone  formation,  typically  with  encase- 
ment of  the  ulnar  nerve,  also  occurs  as  a complica- 
tion of  severe  bums  in  the  region  of  the  elbow  ( 109 ). 

Differential  Diagnosis.  The  differential  diag- 
nosis of  neuritis  ossificans  is  limited  and  in- 
cludes ossification  in  a lipofibromatous  hamar- 
toma of  nerve  ( 106)  and  perhaps  of  a peripheral 


nerve  tumor.  The  latter  is  rare  and  usually  oc- 
curs in  “ancient”  schwannomas  (108).  Calcifica- 
tion of  perineurium  as  a consequence  of  meta- 
bolic disease,  particularly  diabetes  ( 105),  and  the 
CREST  syndrome  (calcinosis,  Reynaud’s  phe- 
nomenon, esophageal  motility  disorders,  sclero- 
dactyly,  and  telangiectasia)  poses  no  problem  in 
differential  diagnosis  (107). 

Treatment  and  Prognosis.  The  favorable 
outcome  of  neuritis  ossificans  in  which  the  nerve 
is  intact  and  unaffected  by  major  trauma  (102)  is 
attributable  to  a conservative,  nerve  sparing,  mi- 
crosurgical  approach  to  therapy. 


REFERENCES 


Traumatic  Neuroma 


1 . Das  Gupta  TW,  Brasfield  RD.  Amputation  neuromas  in 
cancer  patients.  NY  State  J Med  1969;69:2129-32. 

2.  Dyck  PJ,  Giannini  C,  Lais  A.  Pathologic  alterations  of 
nerves.  In:  Dyck  PJ,  Thomas  PK,  eds.  Peripheral  neurop- 
athy. 3rded.  Philadelphia:  WB  Saunders  Co.,  1993:514-96. 

3.  Elhag  AM,  A1  Awadi  NZ.  Amputation  neuroma  of  the 
gallbladder.  Histopathology  1992;21:586-7. 

4.  Giannini  C,  Dyck  PJ.  The  fate  of  Schwann  cell  base- 
ment membranes  in  permanently  transected  nerves.  J 
Neuropathol  Exp  Neurol  1990;49:550-63. 

5.  Lundborg  G.  Nerve  regeneration  and  repair.  A review. 
Acta  Orthop  Scand  1987;58:145-69. 

6.  Matsuoka  J,  Tanaka  N,  Kojima  K,  et  al.  A case  of 
traumatic  neuroma  of  the  gallbladder  in  the  absence  of 
previous  surgery  and  cholelithiasis.  Acta  Med 
Okayama  1996;50:273-7. 

7.  Nadim  W,  Anderson  PN,  Turmaine  M.  The  role  of  Schwann 
cells  and  basal  lamina  tubes  in  the  regeneration  of  axons 


through  long  lengths  of  freeze-killed  nerve  grafts.  Neu- 
ropathol Appl  Neurobiol  1990;16:411-21. 

8.  Reed  RJ,  Harkin  JC.  Tumors  of  the  peripheral  nervous 
system.  Atlas  of  Tumor  Pathology,  2nd  Series.  Fascicle  3, 
Supplement.  Armed  Forces  Institute  of  Pathology,  1983. 

9.  Rush  BE  Jr,  Stefaniwsky  AB,  Sasso  A,  Dumitrescu  I, 
Wexler  D.  Neuroma  of  the  common  bile  duct.  J Surg 
Oncol  1988;39:17-21. 

10.  Sano  T,  Hirose  T,  Kagawa  N,  Hizawa  K,  Saito  K. 
Polypoid  traumatic  neuroma  of  the  gallbladder.  Arch 
Pathol  Lab  Med  1985;109:574-6. 

11.  Shapiro  L,  Juhlin  E,  Brownstein  MH.  Rudimentary 
polydactyly:  an  amputation  neuroma.  Arch  Dermatol 
1973;108:223-5. 

12 . Shumate  CR,  Curley  SA,  Cleary  KR,  Ames  FC.  Traumatic 
neuroma  of  the  bile  duct  causing  cholangitis  and  atrophy 
of  the  right  hepatic  lobe.  South  Med  J 1992;85:425-7. 


Localized  Interdigital  Neuritis 


13.  Bennett  GL,  Graham  CE,  Mauldin  DM.  Morton’s  inter- 
digital neuroma:  a comprehensive  treatment  protocol. 
J Foot  Ankle  Surg  1995;16:760-3. 

14.  Lassmann  G,  Lassmann  H,  Stockinger  L.  Morton’s 
metatarsalgia:  light  and  electron  microscopic  observa- 
tions and  their  relation  to  entrapment  neuropathies. 
Virchows  Arch  [Al  1976;370:307-21. 

15.  Reed  RJ,  Bliss  BO.  Morton’s  neuroma:  regressive  and 
productive  intermetatarsal  elastofibrositis.  Arch 
Pathol  1973;95:123-9. 


16.  Scotti  TM.  The  lesion  of  Morton’s  metatarsalgia 
(Morton’s  toe).  Arch  Pathol  1957;63:91-102. 

17.  Wu  KK.  Morton’s  interdigital  neuroma:  a clinical  re- 
view of  its  etiology,  treatment,  and  results.  J Foot  Ankle 
Surg  1996;35:112-9. 

18.  Young  G,  Lindsey  J.  Etiology  of  symptomatic  recurrent 
interdigital  neuromas.  J Am  Podiatr  Med  Assoc 
1993;83:255-8. 


53 


Tumors  of  the  Peripheral  Nervous  System 


Pacinian  Neuroma 


19.  Altmeyer  P.  Histologie  eines  rankenneuroms  mit  vater- 
pacini-lamellenkorper-ehnlichen  strukturen.  Der 
Hautarzt  1979;30:248-52. 

20.  Ariza  A,  Bilbao  JM,  Rosai  J.  Immunohistochemical  detec- 
tion of  epithelial  membrane  antigen  in  normal  perineurial 
cells  and  perineurioma.  Am  JSurg  Pathol  1988;12:678-83. 

21.  Bale  PM.  Sacrococcygeal  developmental  abnormalities 
and  tumors  in  children.  Perspect  Pediatr  Pathol 
1984;8:9-56. 

22.  Bale  PM.  Sacrococcygeal  paciniomas.  Pathology 
1980;12:231-5. 

23.  Bas  L,  Oztek  I,  Numanoglu  A.  Subepineural  hyperplas- 
tic pacinian  corpuscle:  an  unusual  cause  of  digital  pain. 
Plast  Reconstr  Surg  1993;92:151-3. 

24.  Bennin  B,  Barsky  S,  Salgia  K.  Pacinian  neurofibroma. 
Arch  Dermatol  1976;112:1558. 

25.  Brogli  M.  Ein  Fall  von  Rantenneurom  mit  Tast- 
korperchen.  Frankf  Z Pathol  1931;41:595-610. 

26.  Brynildsen  PJ.  Painful  digital  subepineural  pacinian  cor- 
puscles [Letter],  Plast  Reconstruct  Surg  1985;75:929-30. 

27.  Calder  JS,  Holten  I,  Terenghi  G,  Smith  RW.  Digital 
nerve  compression  by  hyperplastic  pacinian  corpus- 
cles. A case  report  and  immunohistochemical  study.  J 
Hand  Surg  1995;20:218-21. 

28.  Cauna  N,  Mannan  G.  The  structure  of  human  digital 
pacinian  corpuscles  (corpuscula  lamellosa)  and  its 
functional  significance.  J Anat  (London)  1958;92:1-20. 

29.  Davydow.  Materialien  zur  Kenntnis  der  Entwicklung 
des  peripheren  Nerven-systems,  Dissert.,  Moskow, 
1903.  (Cited  by  Keibel  F,  Mall  FP.  Manual  of  human 
embryology.  In:  Keibel  F,  Mall  FP,  eds.  Vol.  2.  Philadel- 
phia: JB  Lippincott,  1912:180-1.) 

30.  Dembinski  AS,  Jones  JW.  Intra-abdominal  pacinian 
neuroma:  a rare  lesion  in  an  unusual  location.  Histo- 
pathology  1991;19:89-90. 

31.  Enzinger  FM,  Weiss  SW.  Benign  tumors  of  peripheral 
nerves.  In:  Soft  tissue  tumors.  St.  Louis:  CV  Mosby, 
1983:580-624. 

32.  Fletcher  CD,  Chan  JK,  McKee  PH.  Dermal  nerve 
sheath  myxoma:  a study  of  three  cases.  Histopathology 
1986;10:135-45. 

33.  Fletcher  CD,  Theaker  JM.  Digital  pacinian  neuroma: 
a distinctive  hyperplastic  lesion.  Histopathology 
1989;15:249-56. 

34.  Fraitag  S,  Gherardi  R,  Wechsler  J.  Hyperplastic  pacin- 
ian corpuscles:  an  uncommonly  encountered  lesion  of 
the  hand.  J Cutan  Pathol  1994;21:457-60. 

35.  Friedman  HI,  Nichter  LS,  Morgan  RF,  Edgerton  MT. 
Subepineural  pacinian  corpuscle:  a cause  of  digital 
pain.  Plast  Reconstr  Surg  1984;74:699-703. 

36.  Gama  C,  Mattosinho  Franca  LC.  Nerve  compression  by 
pacinian  corpuscles.  J Hand  Surg  1980;5:207-10. 

37.  Goldman  F,  Garner  R.  Pacinian  corpuscles  as  a cause 
for  metatarsalgia.  J Am  Podiatry  Assoc  1980;70:561-7. 

38.  Greider  JL  Jr,  Flatt  AE.  Glomus  tumor  associated  with 
pacinian  hyperplasia — case  report.  J Hand  Surg 
1982;7:113-7. 

39.  Hart,  WR,  Thompson  NW,  Hildreth  DH,  Abell  MR. 
Hyperplastic  pacinian  corpuscles:  a cause  of  digital 
pain.  Surgery  1971;70:730-5. 

40.  Jones  NF,  Eadie  P.  Pacinian  corpuscle  hyperplasia  in 
the  hand.  J Hand  Surg  1991;16A:865-9. 


41.  Jurecka  W.  Tactile  corpuscle-like  structures  in  periph- 
eral nerve  sheath  tumors  in  plastic  embedded  material. 
Am  J Dermatopathol  1988;10:74-9. 

42.  Jurecka  W,  Lassmann  H,  Lassmann  G,  Matras  H, 
Watzek  G,  Hollmann  K.  Tactile  corpuscle-like  struc- 
tures in  a case  of  plexiform  neurofibromatosis.  Arch 
Dermatol  Res  1979;266:43-50. 

43.  Levi  L,  Curri  SB.  Multiple  pacinian  neurofibroma  and 
relationship  with  the  finger-tip  arterio-venous  anasto- 
moses. Br  J Dermatol  1980;102:345-9. 

44.  Levi  S.  Osservazioni  sullo  sviluppo  delle  terminazioni 
nervose  intraepiteliali,  corpuscoli  del  Meissner  e corpuscoli 
del  Pacini.  Arch  ital  di  anat  e di  embriol  1933;32:149-70. 

45.  MacDonald  DM,  Wilson-Jones  E.  Pacinian  neurofi- 
broma. Histopathology  1977;1:247-55. 

46.  McCormack  K,  Kaplan  D,  Murray  JC,  Fetter  BF.  Mul- 
tiple hairy  pacinian  neurofibromas  (nerve-sheath  myx- 
omas). J Am  Acad  Dermatol  1988;18:416-9. 

47.  McPherson  SA,  Meals  RA.  Digital  pacinian  corpuscle 
neuroma  eroding  bone:  a case  report.  J Hand  Surg 
1992;17A:476-8. 

48.  Owen  DA.  Pacinian  neurofibroma  [Letter],  Arch  Pathol 
Lab  Med  1979;103:99-100. 

49.  Patterson  TJ.  Pacinian  corpuscle  neuroma  of  the 
thumb  pulp.  Br  J Plast  Surg  1956;9:230-1. 

50.  Pease  DC,  Quillam  TA.  Electron  microscopy  of  pacinian 
corpuscles.  J Biophys  Biochem  Cytol  1957;3:331-42. 

51.  Prichard  RW,  Custer  RP.  Pacinian  neurofibroma.  Can- 
cer 1952;5:297-301. 

52.  Prose  PH,  Gherardi  GJ,  Coblenz  A.  Pacinian  neurofi- 
broma. Arch  Dermatol  1957;76:65-9. 

53.  Reed  RJ,  Harkin  JC.  Tumors  of  the  peripheral  nervous 
system.  Atlas  of  Tumor  Pathology,  2nd  Series,  Fascicle 
3,  Supplement.  Washington,  D.C.:  Armed  Forces  Insti- 
tute of  Pathology,  1983. 

54.  Rhode  CM,  Jennings  WD  Jr.  Pacinian  corpuscle  neu- 
roma of  digital  nerves.  South  Med  J 1975;68:86-9. 

55.  Rigdon  RH.  Neurogenic  tumors  produced  by  methylcho- 
lanthrene  in  the  white  pekin  duck.  Cancer  1955;8:906-15. 

56.  Sandzen  SC,  Baksic  RW.  Pacinian  hyperplasia.  Hand 
1974;6:273-4. 

57.  Schochet  SS  Jr,  Barrett  DA  II.  Neurofibroma  with 
aberrant  tactile  corpuscles.  Acta  Neuropathol  (Berl.) 
1974;28:161-5. 

58.  Schuler  FA  III,  Adamson  JE.  Pacinian  neuroma:  an 
unusual  cause  of  finger  pain.  Plast  Reconstr  Surg 
1978;62:576-9. 

59.  Sellyei  M,  Balo  J.  Pathologic  changes  in  the  pacinian 
corpuscles  around  the  pancreas.  Acta  Morphol  Acad  Sci 
Hung  1964;13:75-82. 

60.  Shiurba  RA,  Eng  LF,  Urich  H.  The  structure  of  pseudo- 
meissnerian  corpuscles.  An  immunohistochemical 
study.  Acta  Neuropathol  1984;63:174-6. 

61.  Smith  TW,  Bhawan  J.  Tactile-like  structures  in  neuro- 
fibromas. An  ultrastructural  study.  Acta  Neuropathol 
1980;50:233-6. 

62.  Stouder  DJ,  McDonald  LW.  Enlarged  intra-abdominal 
pacinian  corpuscles  simulating  tumor  implants.  Am  J 
Clin  Pathol  1968;49:79-83. 

63.  Theaker  JM,  Fletcher  CD.  Epithelial  membrane  antigen 
expression  by  the  perineurial  cell : further  studies  of  periph- 
eral nerve  lesions.  Histopathology  1989;14:581-92. 


54 


Reactive  Lesions 


64. 

65. 

66. 


70. 


71. 


72. 

73. 


74. 

75. 

76. 

77. 

78. 

79. 

80. 


81. 

82. 


83. 


98. 

99. 


Toth  BB,  Long  WH,  Pleasants  JE.  Central  pacinian  67. 

neurofibroma  of  the  maxilla.  Oral  Surg  1975;39:630-4. 

Toth  SP.  Vater-pacinian  corpuscle:  a case  report.  J Am  68. 

Podiatry  Assoc  1975;65:247-9. 

Watabe  K,  Kumanishi  T,  Ikuta  F,  Oyake  Y.  Tactile-like  69. 

corpuscles  in  neurofibromas:  immunohistochemical 
demonstration  of  S-100  protein.  Acta  Neuropathol 
1983  ;6 1(3-4):  173-7. 


Nerve  Cyst 


Bowers  WH,  Doppelt  SH.  Compression  of  the  deep  84. 

branch  of  ulnar  nerve  by  an  intraneural  cyst.  J Bone 
Joint  Surg  1979;61:612-3. 

Chang  LW,  Gowans  JD,  Granger  CV,  Millender  LH.  85. 

Entrapment  neuropathy  of  the  posterior  interosseous 
nerve.  A complication  of  rheumatoid  arthritis.  Arthritis  86. 

Rheum  1972;15:350-2. 

Cobb  CAIII,  Moiel  RH.  Ganglion  of  the  peroneal  nerve. 

Report  of  two  cases.  Neurosurgery  1974;41:255-9.  87. 

DiRisio  D,  Lazaro  R,  Popp  AJ.  Nerve  entrapment  and 
calf  atrophy  caused  by  a Baker’s  cyst:  case  report. 
Neurosurgery  1994;35:333-4.  88. 


Donahue  F,  Turkel  DH,  Mnaymneh  W,  Mnaymneh  LG. 
Intraosseous  ganglion  cyst  associated  wTith  neuropathy. 
Skeletal  Radiol  1996;25:675-8. 

Fernandes  L,  Goodwill  CJ,  Srivatsa  SR.  Synovial  rup- 


ture of  rheumatoid  elbow  causing  radial  nerve  com-  89. 

pression.  Brit  Med  J 1979;2:17-8. 

Friedlander  HL.  Intraneural  ganglion  of  the  tibial  nerve. 

Acase  report.  J Bone  Joint  Surg  1967;49:519-22.  90. 

Ghossain  M,  Mohasseb  G,  Dagher  F,  Ghossain  A.  Com- 
pression du  nerf  sciatique  poplite  externe  par  un  kyste 
synovial.  Neurochirurgie  1987;33:412-4. 

Gurdjian  ES,  Larsen  RD.  Linder  DW.  Intraneural  cyst  91. 

of  peroneal  and  ulnar  nerves.  Report  of  two  cases.  J 
Neurosurg  1965;23:76-8.  92. 

Hartwell  AS.  Cystic  tumor  of  median  nerve.  Operation: 
restoration  of  function.  Boston  Med  Surg  J 93. 


1901;144:582-3. 

Hashizume  H,  Nishida  K,  Nanba  Y,  Inoue  H, 
Konishiike  T.  Intraneural  ganglion  of  the  posterior 
interosseous  nerve  with  lateral  elbow  pain.  J Hand  94. 

Surg  1995;20:649-51. 

Herrin  E,  Lepow  GM,  Bruyn  JM.  Mucinous  cyst  of  the 
sural  nerve.  J Foot  Surg  1986;25:14-8.  95. 

Hsu  KY,  Zucherman  JF.  Shea  WJ,  Jeffrey  RA.  Lumbar 
intraspinal  synovial  and  ganglion  cysts  (facet  cysts). 

Ten-year  experience  in  evaluation  and  treatment.  96. 

Spine  1995;20:80-9. 

Iannotti  JP,  Ramsey  ML.  Arthroscopic  decompression 

of  a ganglion  cyst  causing  suprascapular  nerve  com-  97. 

pression.  Arthroscopy  1996:12:739-45. 


Weiser  G.  An  electron  microscope  study  of  “pacinian 
neurofibroma.”  Virchows  Arch  [A]  1975;366:331-40. 
Woodruff  JM.  Tumors  and  tumorlike  conditions  of  pe- 
ripheral nerve.  Contemp  Surg  Pathol  1991;18:205-28. 
Zweig  J,  Burns  H.  Compression  of  digital  nerves  by 
pacinian  corpuscles:  a report  of  two  cases.  J Bone  Joint 
Surg  1968;50:999-1001. 


Jaradeh  S,  Sanger  JR,  Maas  EF.  Isolated  sensory  im- 
pairment of  the  thumb  due  to  an  intraneural  ganglion 
cyst  in  the  median  nerve.  J Hand  Surg  1995;20:475-8. 
Jenkins  SA.  Solitary  tumors  of  peripheral  nerve 
trunks.  J Bone  Joint  Surg  1952;34:401-11. 

Kornberg  M.  Nerve  root  compression  by  a ganglion  cyst 
of  the  lumbar  anulus  fibrosus.  A case  report.  Spine 
1995;20:1633-5. 

Krucke  W.  Pathologie  der  Peripheran  Nerven.  In: 
Olivecrona  H,  Tonnis  W,  Krenkel  W,  eds.  Handbuch  der 
Neurochirurgie;  Vol  7,  Pt  3.  Berlin:  Springer- Verlag,  1974. 
Masciocchi  C,  Innacoli  M,  Cisternino  S,  Barile  A,  Rossi 
F,  Passariello  R.  Myxoid  intraneural  cysts  of  external 
popliteal  ischiatic  nerve.  Report  of  two  cases  studied 
with  ultrasound,  computed  tomography  and  magnetic 
resonance  imaging.  Eur  J Radiol  1992;14:52-5. 
Nicholson  TR,  Cohen  RC,  Grattan-Smith  PJ.  Intraneu- 
ral ganglion  of  the  common  peroneal  nerve  in  a 4-year- 
old  boy.  J Child  Neurol  1995;10:213-5. 

Nucci  F,  Artico  M,  Santoro  A,  Bardella  L,  Delfini  R, 
Boseo  S.  Intraneural  synovial  cyst  of  the  peroneal 
nerve.  Report  of  two  cases  and  review  of  the  literature. 
Neurosurgery  1990;26:339-44. 

Orf  G.  Intraneurale  ganglienzysten.  Schweizer  Arch 
Neurol  Neurochirug  Psychiatr  1972;110:55-67. 

Parkes  AR.  Intraneural  ganglion  of  the  lateral  popli- 
teal nerve  [Abstract].  J Bone  Joint  Surg  1960;42B:652. 
Robert  R,  Resche  F,  Lajat  Y,  Thoulouzan  E,  De 
Kersaint-Gilly  A,  Descuns  P.  Kyste  synovial  intraneu- 
ral du  sciatique  poplite  externe.  A propos  d’un  cas. 
Neurochirugie  1980;26:135-43. 

Scherman  BM,  Bilbao  JM,  Hudson  AR,  Briggs  RT. 
Intraneural  ganglion.  A case  report  with  electron  mi- 
croscopic observations.  Neurosurgery  1981;8:487-90. 
Seddon  HJ.  Surgical  disorders  of  the  peripheral  nerves. 
2nd  edition.  Edinburgh:  Churchill  Livingstone, 
1975:124-6. 

Sotelo  D.  Frankel  VH.  Intraneural  ganglion  of  the 
peroneal  nerve.  A cause  of  peripheral  neuropathy.  Bull 
Hosp  Joint  Dis  Orthop  Inst  1982;42:230-5. 

Weller  RO,  Cervos-Navarro  J.  Pathology’  of  peripheral 
nerves.  London:  Butterworth,  1977:153-4. 


Endometriosis  of  Sciatic  Nerve 


Denton  RO,  Sherrill  JD.  Sciatic  syndrome  due  to  endo- 
metriosis of  sciatic  nerve.  South  Med  J 1955;48:1027-31. 
Head  HB.  Welch  JS,  Mussey  E,  Espinosa  RE.  Cyclic 
sciatica:  report  of  case  with  introduction  of  a new 
surgical  sign.  JAMA  1962;180:521-4. 


100.  Schlicke  CP.  Ectopic  endometrial  tissue  in  the  thigh. 
JAMA  1946;132:445-6. 

101.  Torkelson  SJ,  Lee  RA,  Hildahl  DB.  Endometriosis  of 
the  sciatic  nerve:  a report  of  two  cases  and  a review  of 
the  literature.  Obstet  Gynecol  1988;71:473-7. 


55 


Tumors  of  the  Peripheral  Nervous  System 


Heterotopic  Ossification  of  Nerve  (Neuritis  Ossificans) 


102.  Catalano  F,  Fanfani  F,  Pagliei  A,  Taccardo  G.  Sur  un 
cas  d’ossification  intraneurale  primitive  du  nerf  cubi- 
tal. Ann  Chir  Main  Memb  Super  1992;ll(2):157-62. 

103.  Dal  Monte  A,  Zanoli  S.  Su  di  un  caso  di  ossificazione 
dell’arteria  omerale  e del  nervo  mediano.  Chir  Org  Mov 
1959;47:465-71. 

104.  Gui  L.  Ossificazioni  post-traumatiche  dei  nervi  peri- 
ferici.  Chir  Org  Mov  1948;32:241-70. 

105.  King  RH,  Llewelyn  JG,  Thomas  PK,  Gilbey  SG, 
Watkins  PJ.  Perineurial  calcification.  Neuropathol 
Appl  Neurobiol  1988;14:105-23. 


106.  Louis  DS,  Dick  HM.  Ossifying  lipofibroma  of  the  me- 
dian nerve.  J Bone  Joint  Surg  1973;55A:  1082-4. 

107.  Polio  JL,  Stern  PJ.  Digital  nerve  calcification  in 
CREST  syndrome.  J Hand  Surg  1989;14A:201-3. 

108.  Sarma  DP,  Robichaux  J,  Fondak  A.  Ossified  neurofi- 
broma. J La  State  Med  Soc  1983;135:22-3. 

109.  Vorenkamp  SE,  Nelson  TL.  Ulnar  nerve  entrapment 
due  to  heterotopic  bone  formation  after  a severe  burn. 
J Hand  Surg  1987;12A:378-80. 


4 

INFLAMMATORY  AND  INFECTIOUS  LESIONS 
SIMULATING  TUMORS  OF  NERVE 


On  rare  occasion,  non-neoplastic  conditions  re- 
sult in  variable  enlargement  of  nerve.  This  chapter 
focuses  upon:  inflammatory  pseudotumor,  a rare 
lesion;  sarcoidosis,  the  nature  of  which  is  unset- 
tled; and  leprosy,  the  most  common  infection  of 
nerve.  We  have  seen  examples  of  inflammatory 
pseudotumor  and  of  leprosy  that  clinically  simu- 
lated a neoplasm.  Although  sarcoidosis  and  lep- 
rosy generally  produce  only  limited,  localized  en- 
largement of  nerve,  both  are  discussed  for  the 
sake  of  completeness. 

Nerves  may  also  become  secondarily  en- 
trapped within  benign  fibroproliferative  lesions, 
such  as  with  extra-abdominal  fibromatosis;  idio- 
pathic processes,  including  mediastinal  fibrosis, 
retroperitoneal  fibrosis,  and  Riedels  thyroiditis; 
or  tumefactive  fibroinflammatory  lesions  of  the 
head  and  neck  (5,10-12). 

INFLAMMATORY  PSEUDOTUMOR 
OF  NERVE 

Definition.  This  is  an  idiopathic,  localized, 
tumefactive  inflammatory  process  of  nerve  which 
is  typically  composed  of  chronic  inflammatory  and 
reactive  mesenchymal  cells.  Synonyms  include 
lymphoid  hyperplasia,  plasma  cell  granuloma, 
and  inflammatory  myofibroblastic  tumor. 

General  Comments.  The  term  inflamma- 
tory pseudotumor  has  been  used  to  denote  a 
heterogenous  group  of  tumor-like  lesions  of  wide 
distribution  with  no  known  etiology  (2).  Com- 
posed of  chronic  inflammatory  and  fibrohistio- 
cytic  cells,  examples  at  non-neural  sites  include 
nodular  lymphoid  hyperplasia,  plasma  cell  gran- 
uloma, and  fibrous  xanthoma.  The  varied  desig- 
nations applied  to  these  lesions  reflect  their 
broad  range  of  appearance  and  cellular  composi- 
tion (2).  Inflammatory  pseudotumors  have  been 
described  in  a number  of  locations  including  lung 
(8),  lymph  node  (3),  brain  (6),  orbit  (4),  and  soft 
tissues.  Many  present  as  mass  lesions  clinically 
suggestive  of  malignancy. 

Clinical  Features.  To  date,  only  four  cases 
of  inflammatory  pseudotumor  originating  in 


nerve  have  been  reported,  one  each  involving  the 
facial,  sciatic,  and  radial  nerves,  and  the  greater 
auricular  nerve  (1,7,9).  In  lieu  of  a detailed  dis- 
cussion of  this  small  number  of  cases,  their  es- 
sential clinicopathologic  features  are  summa- 
rized in  Table  4-1.  Also  uncommon  is  mono- 
neuropathy due  to  secondary  involvement  of 
nerve  by  fibroinflammatory  processes  in  sur- 
rounding soft  tissues  ( 11,12). 

Gross  Findings.  Affected  nerves  are  seg- 
mentally  enlarged  and  are  either  fusiform  or 
nodular  (fig.  4-1).  In  reported  cases,  the  process 
has  been  limited  to  epineurium;  the  perineurium 
and  endoneurium  are  spared. 

Microscopic  Findings.  Aside  from  the  pres- 
ence of  chronic  inflammation,  the  histologic  fea- 
tures of  reported  cases  have  varied  greatly,  rang- 
ing from  patchy  chronic  lymphoplasmacellular 
inflammation  with  a variable  fibrous  reaction 
(fig.  4-2)  through  dense  nodular  lymphoid  hyper- 
plasia (fig.  4-3).  One  unusual  example  was  com- 
posed primarily  of  uninucleate  and  multinucle- 
ate  histiocytes  (fig.  4-4).  By  definition,  special 
stains  for  microorganisms,  e.g.,  bacteria,  tuber- 
cle bacilli,  lepra  bacilli,  and  fungi,  are  negative. 

Immunohistochemical  Findings.  In  three 
reported  cases  (1,9)  the  lymphocytes  were  polyclo- 
nal and  predominantly  of  T-cell  type.  In  one  case 
(figs.  4-1, 4-2;  Table  4-1,  case  2)  lymphocyte  subtyp- 
ing showed  the  infiltrate  to  be  composed  of  a mixture 
of  T and  to  a lesser  extent  B cells  of  normal 
phenotype.  As  expected,  the  histiocytes  and 
giant  cells  occasionally  seen  are  immunoreactive 
for  macrophage  markers  (fig.  4-4)  and  lack  both 
S-100  protein  and  CD  1A  reactivity. 

Differential  Diagnosis.  Although  a clinical 
consideration,  the  histologic  distinction  of  inflam- 
matory pseudotumor  from  benign  and  malignant 
peripheral  nerve  sheath  tumors  poses  no  problem. 
With  the  exception  of  schwannomas,  which  in  our 
experience  may  show  appreciable  capsular  and 
perivascular  lymphocytic  infiltrates  in  approxi- 
mately 5 percent  of  cases,  peripheral  nerve  tumors 
are  infrequently  inflamed.  For  unknown  reasons, 
schwannomas  also  rarely  exhibit  multiple  foci  of 
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Table  4-1 

INFLAMMATORY  PSEUDOTUMOR  OF  NERVE:  LITERATURE  SUMMARY 


Age/ 

Gross/Operative 

Authors 

Sex 

Nerve 

Clinical 

Finding 

Surgery 

Pathology 

Follow-Up 

Keen  et  al. 

41/M 

Right 

Two  episodes 

Hard,  vascular 

Resection 

Epidural 

Total  facial 

(7) 

facial 

Bell’s  palsy  5 yrs. 

mass  involving 

mass  and 

lesion.  Nerve 

n.  palsy  at 

n.  and 

and  4.5  mos.  prior. 

geniculate 

nerve 

surrounded 

6 mos.  nerve 

geniculate 

Initial  bout  re- 

ganglion, 

by  fibrotic 

function 

ganglion 

sponsive  to 

facial  n., 

granulation 

< 5%  at  2 yrs. 

steroids  and 

and  tensor 

tissue  with 

stellate  ganglion 

tympani 

chronic 

block 

muscle 

inflammation 

Weiland 

35/M 

Sciatic  n. 

Two  yr.  progres- 

F usiform 

Resection 

Epineurial  T- 

Diminution 

et  al. 

sion  of  idiopath- 

16  x 2 cm 

of  epineu- 

and  to  a 

in  pain  but 

(9;  case  1) 

ic  right  lower  leg 

enlargement 

rial  mass 

lesser  extent 

persistent 

weakness,  numb- 

of  right 

encom- 

B-lymphocyte 

total  sensori 

ness,  and  pain, 

sciatic  n. 

passing 

infiltrate 

motor  loss. 

through  atrophy 

(see  fig.  4-1) 

the 

with  fibrosis 

No  recur- 

to  total  sensori- 

sciatic  n. 

and  loss  of 

rence  at 

motor  loss  in 

myelinated 

4 yrs. 

peroneal,  tibial, 

nerve  fibers 

sural  nerves 

(see  fig.  4-2) 

Weiland 

18/F 

Radial  n. 

Three  mos. 

Ovoid,  lipoma- 

Resection 

Epineurial 

Neurologic 

et  al. 

painful  enlarge- 

like,  2.5  cm 

of  epi- 

infiltrate  of 

recovery  and 

(9;  case  2) 

ment  right  distal 

lesion  involv- 

neurial 

histiocytes, 

no  evidence 

radial  n.  with 

ing  right 

based 

giant  cells, 

of  recurrence 

associated  radi- 

radial  n. 

lesion  with 

and  predom- 

at  3-mos. 

ation  and  dyses- 

sparing 

inantly  T 

follow-up 

thesia  to  thumb, 

of  nerve 

lymphocytes 

index,  and 
middle  fingers 

fascicles 

(see  fig.  4-4) 

Beer  et  al. 

41/M 

Left 

One  yr.  painful, 

Mass  affecting 

Resection 

Follicular  lymph- 

Hypoes- 

(1) 

greater 

mobile  right 

left  greater 

with 

oid  hyperplasia 

thesia  of 

auricular 

neck  mass. 

auricular 

segment 

with  primarily 

left  face 

n. 

Associated 

nerve.  Intact 

of  nerve 

perifascicular 

dental  carries 

fascicles 

growth.  Extension 

traversed 

into  one  fascicle 

the  lesion 

noted  (see  fig.  4-3) 

noncaseating  granulomatous  inflammation  (see 
fig.  7-22).  In  such  instances,  stains  for  organisms 
are  negative  and  the  neoplastic  nature  of  the  un- 
derlying lesion  is  readily  apparent. 

The  distinction  of  inflammatory  pseudotumor 
from  infection  is  based  on  negative  histochemical 
stains  for  organisms  as  well  as  cultures.  A discus- 
sion of  the  differential  diagnosis  with  lymphoma 
is  beyond  the  scope  of  this  work  but,  to  date,  the 
lymphocytes  of  inflammatory  pseudotumors 
have  lacked  atypia  and  have  been  polytypic. 
Neither  Langerhans’  histiocytosis  nor  Rosai- 
Dorfman  disease  have  been  reported  to  cause 
tumor-like  enlargement  of  nerve;  unlike  inflam- 
matory pseudotumors  rich  in  histiocytes,  both 
these  lesions  are  immunopositive  for  S-100  pro- 
tein, the  former  also  being  CD1A  reactive. 


Treatment  and  Prognosis.  Timely  biopsy 
and  nerve-sparing  microsurgical  resection  afford  a 
maximal  chance  of  cure  without  neurologic  deficit. 
We  have  observed  only  one  instance  of  recur- 
rence: regrowth  of  a lesion  of  the  auricular  nerve 
affecting  proximal  and  distal  nerve  stumps  2 
years  after  gross  total  resection. 

SARCOIDOSIS  OF  PERIPHERAL  NERVE 

Definition.  Sarcoidosis  is  a systemic  disor- 
der characterized  by  idiopathic  noncaseating 
granulomatous  inflammation. 

General  Comments.  Sarcoidosis  clinically 
affects  the  nervous  system  in  approximately  5 
percent  of  patients  (15).  In  many  instances,  in- 
volvement is  largely  or  entirely  of  either  the 
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Figure  4-1 

INFLAMMATORY  PSEUDOTUMOR 
Left:  The  operative  photograph  of  a re- 
ported case  (ref.  7,  Table  4-1,  case  1)  shows  the 
intact,  grossly  normal  sciatic  nerve  as  well  as 
the  pseudotumor,  a layer  of  fibroinflammatory 
epineurial  tissue  (above)  which  was  dissected 
free  of  the  nerve. 

Above:  The  thick  shell  of  affected  epineu- 
rium,  seen  in  cross  section,  had  chronically 
compressed  the  nerve  with  resultant  near- 
total loss  of  neurologic  function.  (Figures  4-1 
and  4-4  are  from  the  same  case.) 


Figure  4-2 

INFLAMMATORY  PSEUDOTUMOR 

The  surgical  specimen  consisted  of  inflamed  epineurial  fibroadipose  tissue.  At  low  magnification  and  in  cross  section  (left), 
the  markedly  thickened  epineurium  (same  case  as  fig.  4-1)  shows  extensive  fibrosis  and  chronic  inflammation.  The  smooth 
contour  (left)  represents  the  perimeter  of  the  epineurium.  Composed  of  benign  lymphocytes  and  occasional  plasma  cells,  the 
inflammatory  infiltrate  entraps  minute,  otherwise  normal-appearing  nerve  fascicles  (right). 
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Figure  4-3 

INFLAMMATORY  PSEUDOTUMOR 

This  example,  occurring  in  the  greater  auricular  nerve  of  41-year-old  male,  featured  nodular  lymphoid  hyperplasia  limited 
to  epineurium.  Note  encirclement  of  the  intact,  S-100  protein-positive  nerve  fascicles  (right).  Intrafascicular  growth  was  a focal 
finding.  (Courtesy  of  Dr.  T.  Beer,  Gosport  Hants,  UK.) 


peripheral  or  central  nervous  system.  In  a majority 
of  cases,  the  peripheral  nervous  system  is  affected, 
most  often  the  7th  cranial  nerve  (19).  Patient  age 
at  the  onset  of  peripheral  neurosarcoidosis  ranges 
from  the  second  to  the  eighth  decade.  Females  are 
more  often  affected.  The  disorder  occurs  in  all 
races  but  shows  a proclivity  for  blacks. 

Clinical  Features.  Peripheral  neurosar- 
coidosis may  present  in  one  of  three  forms:  multi- 
ple mononeuropathy,  radiculopathy,  and  poly- 
neuropathy. Inasmuch  as  significant  nerve 
enlargement  or  hypertrophy  is  not  a clinical  fea- 
ture of  sarcoidal  neuropathy,  the  lesions  do  not 
hrdcally  mimic  neoplasms.  Sarcoidosis  may  affect 
raiiiai  and  spinal  nerves.  Cranial  polyneuritis  is 
characterized  by  the  occurrence  of  multiple  fluc- 
tuating and  remitting  cranial  nerve  palsies,  usu- 
ally in  young  to  middle-aged  women,  and  may  be 
associated  with  the  uveoparotid  form  of  sarcoid- 


osis. Systemic  symptoms  are  generally  minimal. 
The  facial  nerve  is  most  frequently  affected.  Le- 
sions are  often  bilateral  but  are  usually  asyn- 
chronous. Although  cranial  and  spinal  nerves 
can  be  involved  in  isolation,  these  lesions  fre- 
quently coexist.  Often  affected  nerves  include  the 
peroneal,  median  (16),  radial  (14),  and  phrenic 
nerves  (18),  as  well  as  cauda  equina  nerve  roots 
(13).  Sarcoidal  polyneuropathy  may  be  acute  and 
indistinguishable  from  Guillain-Barre  syndrome, 
or  may  present  as  a slowly  progressive  sensorimo- 
tor neuropathy.  No  specific  clinical  features  distin- 
guish progressive  sarcoidal  polyneuropathy 
from  other  forms  of  peripheral  neuropathy. 

A diagnosis  of  sarcoidosis  may  be  made  on  bi- 
opsy of  any  accessible  lesion,  such  as  of  skin,  lymph 
node,  muscle,  scalene  fat  pad,  gingiva,  conjunc- 
tiva, bronchus,  or  liver.  It  may  also  be  facilitated 
by  a careful  ophthalmologic  examination,  as  well 


60 


In^ay-'-:nuz-or\  and  Infz  us  Lesions 


'A:  •••••  . , 


- & 

• ;}  * ••'^'%'A.v  ,«V  . 

\ • ^ ' •*  ■ * • • , * <*  1 * • , 4 •■»■* 

£ f,  : >*  - *?-  * ,; 


giarn  eelfe  B . sanragaTl  CIMS-rea 


BSELAMMAIDEy  PSEUDOTDMQE. 

pie  ease  1 79!  - a lesion  of  ifiae  radial  nerve  eprnennnin  A . consisted  of  KPl-posriive  mcldniicleate 
5 IpmpADeTses  C . and  occasions!  eDsinopilLs- 


61 


Tumors  of  the  Peripheral  Nervous  Syste?n 


# 

% 


Jr 


4 ♦ 


# % 


M 


% 


rr  m 

% # 


' 

I c,- 

♦*§. 

**  ....  •. 

* . 1 

♦ i . 

' 0 ■ % 

♦ 

♦ 

% % ^ ^$.  """  * 
i,  ft  m 

"%  * d 4 
- 1 

t , . *■ 

1 

'jS&sS1  ' ■ s'-’;  **  " 

0 *»T  „ 

0 ^ 

m m 

Wfe 

m b 


***&  *-3-  * 

W ^ „ M 


9 » * 


"*€ 


<»  I 


4 9 

0 £ 


U * , * 

, - 

, * m 

* 

~ 0*  ' 

0 ^ 

^ 

- ^4  % 3ft'  *' 

* , %' 
# s %’ 

«#■  % 


m 0 

*%L*  . 

t *v 

# it  * 


r-?  ■ ' y » s ■ 

*.  ' *•  h 

- * 


%.  * f ’ 

% 


w ffc 


J Nk  _ ^ 

* ^ 


4 t v 


ri  * 


4 

..*  «r 


% *» 


Figure  4-5 
SARCOIDOSIS 

This  section  of  the  sural  nerve  shows  involvement  of  epineurium,  perineurium,  and  endoneurium  (left)  by  noncaseating 
granulomas  (right).  (Courtesy  of  Dr.  C.  Giannini,  Treviso,  Italy  and  Dr.  P.  J.  Dyck,  Rochester,  Minnesota.) 


as  by  other,  albeit  less  reliable  methods,  includ- 
ing: 1)  the  Kveim  test  which  yields  a significant 
proportion  of  both  false-positive  and  false-nega- 
tive results;  2)  measurement  of  serum  levels  of 
angiotensin-converting  enzyme  (ACE),  which  is 
often  positive  when  the  diagnosis  is  apparent; 
and  3)  cerebrospinal  fluid  examination,  which 
may  demonstrate  an  elevated  protein  level,  a 
slight  increase  in  lymphocytes,  and  sometimes  a 
decrease  in  glucose  level. 

Gross  and  Microscopic  Findings.  Periph- 
eral neuropathy  in  sarcoidosis  has  been  exhaus- 
tively studied  ( 17 ).  Affected  nerves  appear  firm  and 
thickened  but  do  not  resemble  tumors.  Although 
lot  diagnostic,  the  histologic  finding  of  sarcoidal- 
; e granuloma  at  any  site  is  of  clinical  value, 
i .ypically,  the  noncaseating  granulomas  of  sarcoid- 
osis are  sharply  demarcated  and  consist,  in  vary- 
ing proportion,  of  epithelioid  histiocytes  and  mul- 
tinucleate  giant  cells  in  association  with  only  a 


small  number  of  lymphocytes.  Schaumann  bod- 
ies can  occasionally  be  seen  within  giant  cells. 
Although  frank  necrosis  is  lacking,  fibrinoid  mate- 
rial may  be  evident  at  the  center  of  some  granulo- 
mas. Sarcoidal  granulomas  often  exhibit  inter- 
stitial reticulin  staining.  Marked  fibrosis  is  a 
common  feature  of  chronic  lesions.  By  definition, 
sarcoidal  granulomas  are  devoid  of  microorga- 
nisms on  special  stain  and  are  culture  negative. 

Neuropathy  may  result  from  granulomatous 
inflammation,  but  the  mechanism  of  nerve  injury 
in  sarcoidal  neuropathy  is  controversial.  Diffuse 
involvement  of  perineurium,  epineurium,  and  en- 
doneurium by  sarcoidal  granulomas  (fig.  4-5)  is 
thought  to  mediate  nerve  fiber  damage  resulting 
in  multiple  mononeuropathy,  radiculopathy,  and 
progressive  polyneuropathy.  Both  nerve  fiber 
compression,  as  well  as  ischemia  due  to  accom- 
panying lymphocytic  angiitis,  have  been  sug- 
gested as  possible  pathogenetic  mechanisms. 
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The  pathologic  basis  of  the  acute  sarcoidal  poly- 
radiculoneuropathy resembling  Guillain-Barre 
syndrome  is  unclear. 

Differential  Diagnosis.  The  principle  differ- 
ential diagnoses  are  fungal  and  mycobacterial 
infections.  The  likelihood  of  infection  is  high  in 
the  face  of  necrotizing  granulomas.  Special 
stains,  including  silver  preparations  for  fungi  and 
acid  fast  or  fluorescent  stains  for  mycobacteria 
are  useful,  but  a negative  reaction  is  no  assurance 
that  a lesion  is  noninfectious.  Correlation  with 
clinical  data,  skin  tests,  and  culture  results  is 
mandatory.  Other  processes  in  the  differential  di- 
agnosis are  necrotizing  vasculitis  and  lymphoma. 

Treatment  and  Prognosis.  The  outcome  in 
sarcoidal  neuropathy  is  favorable.  Recoveries  were 
documented  even  prior  to  the  introduction  of  ste- 
roid therapy.  The  latter  has  a beneficial  effect  upon 
cranial  as  well  as  spinal  nerve  disease.  In  general, 
the  prognosis  of  patients  with  peripheral  nervous 
system  sarcoidosis  is  more  favorable  than  for  those 
with  central  nervous  system  involvement. 

LEPROUS  NEUROPATHY 

General  Comments.  Leprosy,  the  most  com- 
mon and  treatable  cause  of  peripheral  neuropa- 
thy worldwide,  is  a chronic  disease  resulting 
from  Mycobacterium  leprae  infection.  It  affects 
any  part  of  the  body,  but  shows  a particular 
tendency  to  involve  superficially  situated  nerves, 
as  well  as  skin,  eyes,  respiratory  tract,  and  testes. 
Bacterial  invasion  of  peripheral  nerve  is  noted  in 
all  cases.  Although  the  disease  is  most  common 
in  the  tropics  and  subtropics,  it  also  occurs  in 
more  temperate  zones.  Leprosy  has  been  re- 
ported in  association  with  human  immunodefi- 
ciency virus  (HIV)  infection  (22),  although  not  to 
the  extent  that  atypical  mycobacterial  infection 
occurs  in  this  setting.  The  mechanism  of  spread 
is  uncertain,  but  a respiratory  route  and  direct 
inoculation  into  skin  appear  most  likely.  Un- 
treated patients  are  the  major  source  of  infection, 
but  in  North  America  infected  armadillos  also 
represent  a potential  reservoir.  Only  a minority 
of  the  population  is  susceptible  to  infection  and 
children  are  more  readily  affected  than  adults. 

M.  leprae,  the  only  bacterium  that  regularly 
invades  peripheral  nerve,  is  morphologically  in- 
distinguishable from  M.  tuberculosis.  It  consists 
of  an  acid-fast  rod  measuring  1 to  8 pm  in  length 


and  up  to  0.5  pm  in  diameter.  Although  the  organ- 
ism has  not  been  cultured  in  vitro,  the  mouse  foot 
pad  (26)  and  the  armadillo  (24)  serve  as  experi- 
mental models  of  infection.  The  optimal  growth 
temperature  of  M.  leprae  is  low  (27°  to  30°C). 

Clinical  Features.  Patients  with  leprosy 
mainly  present  with  peripheral  neuropathy. 
Sensory  loss  often  precedes  other  evidence  of 
disease  and  manifests  sequentially  as  loss  of 
temperature,  touch,  pain,  and  pressure  sensa- 
tions. Affected  nerves  are  more  often  the  small, 
intracutaneous  or  subcutaneous  nerves  than  the 
major  peripheral  nerve  trunks.  As  a rule,  frank 
nerve  enlargement  is  not  clinically  discernible. 

Depending  upon  the  capacity  of  the  patient  to 
respond  to  the  infection,  three  major  clinicopatho- 
logic  forms  of  leprosy  are  generally  recognized: 
tuberculoid,  lepromatous,  and  borderline  varie- 
ties, each  of  which  features  peripheral  nerve  in- 
volvement. Most  patients  fall  into  the  borderline 
category,  although  it  is  preferable  both  conceptu- 
ally and  in  practical  terms,  to  consider  leprosy  as 
a complete  spectrum  of  host  response  to  the  patho- 
gen rather  than  as  a disease  having  various  forms. 

It  is  the  nature  of  the  cellular  immune  re- 
sponse that  determines  whether  an  exposed  in- 
dividual develops  leprosy,  as  well  as  its  subtype 
(20).  In  normal  individuals  the  organisms  are 
taken  up  by  macrophages  which  become  acti- 
vated by  their  interaction  with  T lymphocytes. 
The  result  is  destruction  of  the  bacillus.  An  ab- 
normality of  T-cell  function  probably  plays  a 
major  role  in  the  pathogenesis  of  leprosy,  but  the 
exact  mechanisms  are  not  understood.  A minor 
excess  in  activity  results  in  localized  lesions  (tu- 
berculoid leprosy),  whereas  more  a marked  ab- 
normality results  in  a major  defect  of  cell-medi- 
ated immunity  and  the  development  of 
generalized  disease  (lepromatous  leprosy).  Pa- 
tients with  defects  of  intermediate  severity  de- 
velop a borderline  form.  Measurement  of  the 
cellular  immune  response  is  the  basis  of  the 
lepromin  skin  test,  which  is  positive  in  tubercu- 
loid and  negative  in  lepromatous  leprosy. 

Gross  and  Microscopic  Findings.  Present- 
ing as  localized  disease,  tuberculoid  leprosy  is 
characterized  by  asymmetric  cutaneous  lesions 
occurring  over  the  extensor  surfaces  of  the  extrem- 
ities, the  face,  or  the  buttocks.  Microscopically,  the 
lesions  consist  of  epithelioid  granulomas,  only 
rarely  associated  with  caseation,  and  a peripheral 
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Figure  4-6 

TUBERCULOID  LEPROSY,  NEUROPATHY 
This  form  of  the  disease  may  markedly  enlarge  peripheral 
nerves  (A).  It  features  extensive  noncaseating  granulomatous 
inflammation  (B)  associated  with  nerve  fibers  and  myelin  (C). 
Necrosis  of  large  nerves  in  advanced  cases  results  in  “cold 
abscess”  formation  that  may  grossly  mimic  tumor  (D).  (D, 
courtesy  of  Dr.  P.  Brand,  Carville,  Louisiana.) 


infiltrate  of  lymphocytes.  Epithelioid  histiocytes 
are  numerous.  The  inflammatory  process  is  con- 
centrated about  dermal  appendages  and  to  a great 
degree  involves  cutaneous  and  subcutaneous 
nerves  (fig.  4-6A).  Destruction  of  nerve  fibers  and 
loss  of  myelin  is  extensive.  Although  the  fibers  are 
invaded  and  destroyed,  even  a careful  search 
under  oil  immersion  reveals  only  rare  Fite  stain- 
positive organisms  within  epithelioid  histiocytes 
(fig.  4-6B,C)  and  Langhans-type  giant  cells. 

The  spread  of  tuberculoid  leprosy  to  sur- 
1 binding  tissues  is  by  direct  extension,  but  the 
nrier  in  which  nerve  trunks  beneath  cutane- 
- lesions  become  involved  is  unclear.  Trans- 
axonal  bacillary  spread  has  not  been  proven  to 
occur.  Affected  nerves  are  palpably  enlarged  (fig. 
4-8A).  Of  major  sensorimotor  nerves,  those  most 


frequently  affected  include  the  ulnar,  median, 
peroneal,  and  facial;  of  sensory  nerves  it  is  the 
cutaneous  radial,  digital,  posterior  auricular,  and 
sural.  The  inflammatory  response  to  bacilli  con- 
sists primarily  of  noncaseating  granulomatous 
inflammation  (fig.  4-6B,C).  In  cases  with  intense 
response  to  bacilli,  necrosis  may  result  in  the  for- 
mation of  a so-called  cold  abscess  (fig.  4-6D)  (25). 
Associated  dystrophic  calcification  may  occur 
and  be  radiographically  apparent.  Cold  abscesses 
heal  with  time,  resulting  in  widespread  fibrosis  of 
all  nerve  compartments.  Microscopically,  the 
changes  resemble  those  occurring  in  smaller 
nerves.  The  infiltrate  consists  of  epithelioid  histio- 
cytes and  giant  cells  and,  although  concentrated 
within  the  epineurium  and  perineurium,  may 
also  extend  to  involve  the  endoneurium.  Bacilli 
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Figure  4-7 

LEPROMATOUS  LEPROSY,  NEUROPATHY 

This  form  of  leprosy  only  occasionally  produces  nerve  enlargement,  in  this  case,  of  a segment  of  the  superficial  radial  nerve 
of  an  adult  patient  with  a 5-year  history  of  the  disease  (A).  Nerve  involvement  in  yet  another  case  features  only  mild  chronic 
inflammation,  primarily  histiocytic  infiltration  of  perineurium  and  peripheral  endoneurium  (B).  Such  cells  contain  masses  of 
Fite  stain-positive  mycobacteria  (C).  Bacilli-containing  vacuoles  within  Schwann  and  perhaps  endothelial  cells  are  best  seen 
in  longitudinal  sections  of  the  nerve  (D). 


may  not  be  demonstrable.  Fascicular  abnormal- 
ities are  variable;  some  are  destroyed  and  others 
are  relatively  spared. 

In  contrast  to  the  tuberculoid  variant,  leproma- 
tous  leprosy  is  characterized  by  a florid  prolifera- 


tion of  bacteria  and  by  their  hematogenous  dis- 
semination. As  in  tuberculoid  leprosy,  superficial 
tissues  are  affected.  In  skin  the  process  is  con- 
centrated upon  blood  vessels,  nerves,  and  adnexa. 
Gross  infiltration  of  the  skin  of  the  face  results  in 
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leonine  facies,  a feature  of  advanced  disease.  The 
upper  respiratory  tract,  eyes,  testes,  and  lymph 
nodes,  particularly  inguinal  and  epitrochlear 
nodes,  may  also  be  affected.  A cutaneous  biopsy  in 
lepromatous  leprosy  shows  an  infiltrate  of  foamy 
histiocytes  (Virchow  cells)  containing  masses  of 
bacilli,  as  well  as  scattered  plasma  cells.  Unlike 
tuberculoid  leprosy,  the  lepromatous  form  shows 
little  in  the  way  of  an  inflammatory  reaction  and 
no  significant  tissue  destruction. 

Although  nerve  trunk  involvement  can  occur  in 
longstanding  disease  (fig.  4-7A),  nerve  enlarge- 
ment is  generally  not  as  prominent  a feature  as  in 
tuberculoid  leprosy.  Nonetheless,  we  have  seen  an 
example  of  nerve-centered  lepromatous  infection 
presenting  as  a palpable  mass  in  the  neck.  It  was 
regarded  as  a possible  neoplasm  of  peripheral  nerve 
by  the  referring  pathologist.  The  correct  diagnosis 
was  achieved  only  after  the  demonstration  of  acid- 
fast  organisms.  Affected  nerves  are  architectur- 
ally preserved  (fig.  4-7B),  but  bacteria-rich  his- 
tiocytes involve  the  perineurium  (fig.  4-7B), 


splitting  it  in  an  “onion  skin”  fashion.  Fascicular 
involvement  may  be  uneven.  In  addition  to 
epineural  and  perineurial  involvement,  vacuoles 
containing  abundant  bacilli  may  be  seen  within 
endoneurium  (fig.  4-70,  particularly  at  its  inter- 
face with  the  perineurial  sheath.  Longitudinal 
sections  of  the  nerve  show  the  bacilli-containing 
vacuoles  seen  in  Schwann  cells  aligned  along 
nerve  fibers  (fig.  4-7D).  Endothelial  cells  within 
endoneurium  may  also  contain  bacilli.  Wallerian 
degeneration  and  segmental  demyelination  may 
be  seen  (21).  In  longstanding  cases,  the  en- 
doneurium may  undergo  considerable  fibrosis, 
but  organisms  may  still  be  demonstrable. 

Differential  Diagnosis.  A complete  discus- 
sion is  beyond  the  scope  of  this  work.  The  reader 
is  referred  to  the  excellent  review  by  Sabin  et  al. 
(23).  The  diagnosis  is  predicated  upon  the  dem- 
onstration of  acid-fast  or  Fite  stain-positive  mi- 
croorganisms in  the  appropriate  clinical  setting. 

Treatment  and  Prognosis.  In  most  in- 
stances, specific  antimicrobial  therapy  is  curative. 
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5 

HYPERPLASTIC  LESIONS 


PALISADED 

ENCAPSULATED  NEUROMA 

Definition.  This  is  a usually  cutaneous  true 
neuroma,  nodular  or  occasionally  plexiform  in 
appearance,  consisting  of  Schwann  cells  and  nu- 
merous axons  within  a delicate  perineurium-de- 
rived capsule.  It  is  also  called  solitary  circum- 
scribed neuroma. 

General  Comments.  Since  its  first  descrip- 
tion by  Reed  et  al.  ( 10),  several  additional  series  (2, 
3,6-8)  have  established  palisaded  encapsulated 
neuroma  (PEN)  as  a clinically  and  morphologically 
distinct  form  of  true  neuroma.  Although  under- 
diagnosed and  often  unrecognized,  it  is  a relatively 
common  lesion.  Originally  considered  a primary 
hyperplasia  of  nerve  fibers  or  a hamartoma  con- 
sisting of  axons  and  their  complement  of  Schwann 
cells,  recent  publications  suggest  an  analogy  to 
traumatic  neuroma  (3,7 ),  a notion  weakened  by  the 
absence  of  scarring  in  adjacent  dermis.  In  any  case, 
PEN  can  be  viewed  as  one  of  several  forms  of  true 
neuroma,  a category  that  includes  traumatic, 
pacinian,  and  mucosal  neuromas. 

Clinical  Features.  PENs  are  longstanding 
lesions.  Most  (90  percent)  affect  the  face,  partic- 
ularly the  nose,  cheek,  forehead,  and  lips.  Many 
lie  in  proximity  to  mucocutaneous  junctions  and 
affect  the  oral  mucosa  (5,9).  Although  occurring 
from  adolescence  to  old  age,  the  peak  age  inci- 
dence is  in  the  5th  to  7th  decades,  with  a slight 
female  predominance.  Occasional  examples  in- 
volve skin  of  the  extremities.  The  lesions  are 
typically  solitary,  nonpigmented,  painless  pap- 
ules or  nodules  which,  though  not  ballottable  or 
hard,  are  firm.  The  overlying  skin  is  usually 
smooth  and  intact,  and  lacks  hair.  Hyperpig- 
mentation is  absent.  Clinically,  PENs  resemble 
melanocytic  nevi,  basal  cell  carcinoma,  or  ad- 
nexal tumors.  None  have  been  associated  with 
neurofibromatosis  or  mucosal  neuromatosis  (6). 
Although  there  are  no  known  predisposing  fac- 
tors, such  as  trauma,  PENs  are  associated  with 
acne  more  often  than  is  expected  (1,7). 

Microscopic  Findings.  At  low  power,  PENs 
appear  circumscribed,  smooth  contoured,  and 
round  or  pear-shaped;  the  largest  or  bulbous  com- 


ponent is  often  superficial  (fungating  pattern) 
(fig.  5-1).  A significant  minority  are  multinodular 
(fig.  5-2)  or  even  plexiform  (3).  Most  measure 
around  3 mm  (range,  1 to  15  mm)  and  are  located 
in  the  skin,  usually  the  reticular  dermis.  Subcu- 
taneous tissue  is  rarely  involved.  In  approxi- 
mately 20  percent  of  cases  a nerve  of  origin  is 
microscopically  apparent;  serial  sectioning  in- 
creases the  likelihood  of  finding  the  associated 
nerve  at  either  the  base  or  apex  of  the  lesion  (fig. 
5- IB).  Despite  the  use  of  the  descriptive  terms 
palisaded  and  encapsulated,  PENs  are  often  not 
entirely  encapsulated  and,  as  a rule,  do  not  show 
significant  palisading.  Most  are  only  partially  en- 
capsulated: the  delicate,  compacted  perineurial 
layer  and  connective  tissue  surrounding  them  is 
often  lacking  in  superficial  portions  of  the  lesion 
where  vertical  alignment  of  the  microfascicles 
may  be  seen  (fig.  5-2,  top).  PENs  situated  en- 
tirely within  the  reticular  dermis  may  appear 
totally  encapsulated.  A cracking  artifact,  pre- 
sumably related  to  fixation,  frequently  separates 
the  lesions  from  surrounding  dermis  (fig.  5- LA), 
and  individual  fascicles  (fig.  5-lB,C). 

At  higher  power,  the  bulk  of  the  process  consists 
of  spindled  Schwann  cells,  often  aligned  and 
fasciculated,  coursing  in  various  directions  or  form- 
ing occasional  nodules  (figs.  5- IB,  5-2,  bottom,  5-3). 
The  bundles  or  microfascicles  of  Schwann  cells 
surround  small  numbers  of  often  aligned,  silver- 
positive axons  variously  distributed  throughout 
the  lesion  (fig.  5-40.  Axons  are  present  in  greatest 
concentration  within  distinctly  fascicular  areas.  In 
a physiologic  manner,  the  Schwann  cells  are  or- 
derly aligned  about  axons  which  are  often  concen- 
trated at  the  base  or  apex  of  the  lesion,  areas  in 
which  contiguity  with  a small  nerve  is  most  often 
seen.  The  Schwann  cells  are  normal  in  appear- 
ance, having  a sinuous  configuration  with  elongate 
tapering  nuclei  (fig.  5-4A).  No  atypia  or  mitotic 
activity  is  evident.  Stains  for  myelin  are  usually 
negative.  Only  a minority  of  lesions  (3)  show  focal 
fibrosis,  chronic  inflammation,  or  stromal  muco- 
polysaccharide accumulation.  Mast  cells  are  infre- 
quent. Overlying  skin  occasionally  shows  mild 
hyperkeratosis  but  no  hyperpigmentation. 
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Figure  5-1 

PALISADED  ENCAPSULATED  NEUROMA 

A:  This  whole-mount  section  of  a somewhat  pedunculated  example  shows  the  pear-shaped  lesion  beneath  intact  skin. 

B:  The  entering  nerve  is  readily  apparent  on  the  inferior  aspect  of  the  lesion.  Note  artifactual  “cracking”  between  the  lesion 
and  its  interface  with  surrounding  dermal  tissues. 

C:  The  microfascicular  growth  pattern  is  readily  apparent. 
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Figure  5-2 
PALISADED 

ENCAPSULATED  NEUROMA 
Top:  This  multinodular  lesion  is 
dome-shaped.  Despite  the  descriptive 
term  “encapsulated,”  only  a thin  layer 
of  perineurium  and  compressed  con- 
nective tissue  surrounds  the  process. 

Bottom:  Some  lack  of  circumscrip- 
tion is  apparent  on  the  superficial 
aspect. 


Immunohistochemical  Findings.  Irnmuno- 
stains  help  distinguish  PEN  from  other,  similar 
appearing  cutaneous  lesions.  The  Schwann  cell 
component  of  PEN  shows  strong,  uniform  S-100 
protein  reactivity  (fig.  5-4B).  Staining  for  myelin 
basic  protein  and  Leu-7  have  also  been  observed, 
as  has  reactivity  for  type  4 collagen  (4).  Neurofila- 
ment protein-reactive  axons  are  demonstrated  in 
varying  number  throughout  the  lesion  (fig.  5-4D). 
Epithelial  membrane  antigen  (EMA)  stains  occa- 
sionally highlight  perineurial  cells  within  the 
thin  capsule  but  not  within  the  lesion. 


Ultrastructural  Findings.  PENs  consist  of 
well-differentiated  Schwann  cells  often  com- 
pletely encircling  axons  and  surrounded  by  base- 
ment membrane.  Myelin  sheath  formation  is 
minimal  or  focal  at  best  (7). 

Differential  Diagnosis.  Despite  their  fre- 
quency of  occurrence,  PENs  are  often  misdiag- 
nosed. Most  are  considered  nerve  sheath  tumors 
of  indeterminate  type.  Alternative  diagnoses  in- 
clude schwannoma,  neurofibroma,  mucosal  neu- 
roma, traumatic  neuroma,  and  angioleiomyoma 
(vascular  leiomyoma). 


71 


Tumors  of  the  Peripheral  Nervous  Syste?n 


r f v • ■*-%  • , 7 ' -r  ; **.;-*,  v-.-:'  -•*  4 

. ^ ■ V-  ' >,  'Vs  * ‘ '*/  Z ' j/i  ‘ ' < J>  SVs  .. ~ •-  ~-<P  + 

S'  - ;;  v4  * •-  . .<■ 

•'  V -?44 


■ 

'-?«  -=~f,  " v,T&  ■*'  **/,vA 

/ ./  ~.v _* V *?>'}  ' *.>■>-'  t 

- ? . > V < • *r> • . ; X '*// / ' T-15-sfc, >r*‘  > ^ .*j 

x . r.v^- ^ r 4 .-4-/  » * O „’.••?•*  - , #. 

'JwV;-  -'“'"I'*;  v-"U|>VV  ’(  ■:  . K ' *•  «.'  *■  ■;'»*'  1 ^ 

■ . . * ’A  **45 

' v**»  ?>sc.  s^- 4'.- / ‘ ■ v - ' 

•’  • •=,.  • r.* ' *>/:  s ~ .“*‘v  c K*  wi'  »*» 

'■  , f n 9 ^:  « > »-vL  . i w:  », 

4 %t*  y « - **M4  * V®  J 

■ 'V  'v  v ' ; -£5? '4'^' 

'':  1 .%■  •>.  . . \ ' «'  * v :i»» 

■ - c.  y-'  j«;r  a •>.<,•  #h 

n .;  -•;■•-%."  ; ■«, 

l,  , . ;i'>  ' .*f  "»  f V,  ■ •.  • r» 


A*' 


# ( </V*vr« . • > 4^  4 ^ - ,; ' i •/ 

,*  > 

• v^.^-  .,•  A;. 

/ a-  ^ *' 

J *.*•'  v . /;  / 

• v,  »V  *.'* x : V .*r  <;  < [\\€‘.  ■• 

•*  ■ ■ !v; 1 ‘ • '7  :• 

« , 1 v - * x W / * ,V  . « , , 

# 1 » //  4 4 | k t < % T # f • 7^  •,  : 

''4r*y.v;V  «-:  i^XNJ^jyP'.y  >7  ?’ 

**  : ;-*'<•  7v  ^*4*  1.'*  '. 

^ VvC  *#  * P 1‘  .•  “V’  • •*  ■/•'.,  * 

:-7;  7 ,-  '7^\vnj- ■'  ' ~'v*  : '■  v- 

vWt/..  7 ;7?:  :?  /•,. 


»>»  v?v  n.  ♦ . * \ 4 '\v‘  • -*  ; - '/#v ' • * 

D - ' S . 

'r<*\T  ':-:-4  > v '• ::  - - 


Figure  5-3 

PALISADED  ENCAPSULATED  NEUROMA 

Typically  the  constituent  cells  show  alignment  (A),  vague  fasciculation,  here  accentuated  on  trichrome  stain  (B),  or  random 
sweeping  (C).  Whorl  formation  is  an  inconspicuous  feature  (D),  and  palisading  is  only  rarely  observed. 
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Figure  5-4 

PALISADED  ENCAPSULATED  NEUROMA 

The  fascicles  consist  of  typical,  cytologically  benign  Schwann  cells  (A)  which  show  generalized  immunoreactivity  for  S-100 
protein  (B).  Axons  vary  in  number.  Although  inapparent  with  H&E  stain,  they  are  readily  apparent  with  silver  impregnation 
(C,  Bodian)  and  immunostains  for  neurofilament  protein  (D). 
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At  times,  it  is  difficult  to  distinguish  PEN 
from  schwannoma.  Unlike  PENs,  schwannomas 
usually  affect  subcutaneous  tissue  and  uncom- 
monly occur  in  the  dermis.  Nonetheless,  like 
PEN,  cutaneous  and  mucosal  schwannomas  lack 
a thick,  fibrous  capsule  (see  fig.  7-7).  In  contrast 
to  PEN,  schwannomas  show  Antoni  A and  B 
patterns  and  generally  lack  axons.  Hyalinized, 
thick-walled  vessels  similar  to  those  of  schwan- 
nomas may  be  seen  in  plexiform  PEN  (3). 

Unlike  the  compact  architecture  and  coarse 
fasciculation  of  PENs,  neurofibromas  are  more 
loosely  textured,  have  a myxoid  stroma,  and 
show  a delicate  fibrillary  pattern  of  collagen 
deposition.  Since  most  of  the  cells  in  PEN  are 
normal  Schwann  cells,  nuclear  size  is  larger  and 
more  homogeneous  than  in  neurofibromas.  No 
association  of  PEN  with  neurofibromatosis  has 
been  reported. 

Although  PENs  only  infrequently  involve  mu- 
cosa, those  that  do  may  prompt  consideration  of 
mucosal  neuromatosis.  The  latter  lesions  are 
often  multiple  and  exhibit  a plexiform  pattern  of 
growth.  Compared  to  PEN,  axons  in  mucosal 
neuromas  are  numerous  and  a well-formed  peri- 
neurium is  readily  identified  around  each  nerve.  A 
significant  proportion  of  patients  with  mucosal 
neuromatosis  show  stigmata  of  multiple  endocrine 
neoplasia  (MEN)  type  lib,  an  inherited  condition 
which  includes  medullary  carcinoma  of  the  thyroid 
and  pheochromocytoma  ( see  below).  No  such  asso- 
ciation has  been  described  with  PEN. 

Traumatic  neuromas  (4)  are  generally  un- 
encapsulated and  are  often  associated  with  an 
obvious  nerve.  Compared  with  PEN,  the  micro- 
fascicles of  fully  developed  traumatic  neuromas 
are  better  formed,  each  being  ensheathed  by  an 
EMA-immunopositive  layer  of  perineurial  cells. 
In  PEN,  such  cells  are  limited  primarily  to  the 
capsular  zone.  In  addition,  traumatic  neuromas 
contain  more  axons  and  myelin  products,  and 
exhibit  greater  degrees  of  stromal  fibrosis  and 
acidic  mucin  deposition.  Chronic  inflammation 
or  foreign  body  reaction,  an  occasional  feature  in 
traumatic  neuroma,  is  not  seen  in  PEN. 

vastly,  angioleiomyoma  (vascular  leiomyoma) 

iers  into  the  differential  diagnosis  in  that  they 
are  circumscribed  cellular  dermal  proliferations. 
In  contrast  to  PEN,  they  lack  intralesional  peri- 
fascicular  clefting,  are  more  vascular,  and  are 
devoid  of  axons.  Unlike  Schwann  cells,  the  smooth 


muscle  cells  of  angioleiomyoma  lack  a sinuous 
configuration,  show  more  defined  cytoplasmic 
margins,  contain  stainable  cytoplasmic  fibrils, 
and  possess  nuclei  with  blunt  rather  than  ta- 
pered ends.  Immunostaining  shows  reactivity 
for  smooth  muscle  antigens  but  generally  not  for 
S-100  protein.  If  present  in  angioleiomyoma,  S-100 
protein  reactivity  is  usually  weak.  Unlike  in  PEN, 
hemosiderin  deposition  and  extravasation  of  red 
blood  cells  are  common  in  angioleiomyoma. 

Prognosis.  PENs  are  benign.  Simple  exci- 
sion is  curative  since  recurrence  is  exceptional 
(6).  None  have  undergone  malignant  change  or 
metastasized. 

MUCOSAL  NEUROMA,  MUCOSAL 
NEUROMATOSIS,  AND  INTESTINAL 
GANGLIONEUROMATOSIS  OF  MEN  IIB 

Definition.  These  lesions,  occurring  in  the 
setting  of  multiple  endocrine  neoplasia  (MEN) 
type  lib,  result  from  hypertrophy  of  autonomic 
nerves  and  ganglia,  with  the  formation  of  either 
discrete  masses  or  extensive  plexus  enlarge- 
ment. Synonyms  include  multiple  mucosal  neu- 
roma and  intestinal  gatiglioneurotnatosis  of  the 
alimentary  tract. 

General  Comments.  Inasmuch  as  mucosal 
neuromas  and  intestinal  ganglioneuromatosis 
are  early  markers  of  MEN  lib,  it  is  important 
that  pathologists  be  familiar  with  their  clinical 
and  pathologic  features.  Individuals  with  this 
syndrome  are  at  risk  of  dying  at  an  early  age  of 
thyroid  medullary  carcinoma,  pheochromo- 
cytoma, or  even  of  direct  complications  of  intes- 
tinal ganglioneuromatosis  ( 17,23,35).  Like  MEN 
Ha,  subtype  lib  is  a multisystem  disorder  occur- 
ring either  sporadically  or  inherited  in  an  auto- 
somal dominant  manner.  Affected  individuals 
frequently  develop  multicentric  thyroid  medul- 
lary carcinoma,  parathyroid  hyperplasia,  and 
bilateral  pheochromocytoma  (36).  The  distinc- 
tion of  MEN  lib  from  MEN  Ha  is  based  upon  the 
additional  presence  in  the  former  of  mucosal  neu- 
romas, intestinal  ganglioneuromatosis,  and  mus- 
culoskeletal abnormalities  (25-27,44,49).  In  addi- 
tion, MEN  lib  generally  features  a less  pronounced 
degree  of  parathyroid  hyperplasia  ( 17).  Present  in 
childhood  and  generally  antedating  clinical  mani- 
festations of  thyroid  and  adrenal  neoplasms  are 
true  neuromas  often  involving  the  tongue,  lips, 
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eyelids,  and  eyes  (conjunctiva,  cornea);  ganglio- 
neuromatosis  of  the  esophagus  and  intestines;  or 
both.  Less  often,  neuromas  affect  the  buccal  mu- 
cosa, gingiva,  palate,  nasal  mucosa,  larynx,  or 
bronchi.  Ganglioneuromatosis  may  also  involve 
salivary  glands,  pancreas,  gallbladder,  or  urinary 
bladder  (17).  Rarely,  neuromas  histologically  sim- 
ilar to  those  in  the  oral  cavity  are  found  in  skin  ( 17 ). 
Musculoskeletal  abnormalities  in  MEN  lib  resem- 
ble those  of  Marfan’s  syndrome  (fig.  5-5A),  and 
include  excessive  length  of  the  limbs,  loose-joint- 
edness,  scoliosis,  anterior  chest  deformity,  and  a 
high  arched  palate  ( 17,26,27).  Muscular  underde- 
velopment and  hypotonia  are  also  frequent  (17). 

Clinical  Features.  There  is  a slight  female 
predominance  (56  percent)  among  patients  with 
MEN  lib  (17 ),  as  well  as  among  those  presenting 
with  mucosal  neuromas  or  intestinal  ganglio- 
neuromatosis. Lesions  invariably  become  clini- 
cally apparent  during  the  first  three  decades  of 
life.  The  most  common  sites  of  involvement  are 
the  lips,  tongue,  and  eyelids.  Affected  lips  are 
diffusely  enlarged,  patulous  or  occasionally  ever- 
ted, and  have  a multinodular  or  bumpy  appear- 
ance (fig.  5-5A)  (17,18).  When  involved,  the 
tongue  is  typically  studded  by  numerous  hemi- 
spherical nodules  at  the  tip,  anterior  one  third, 
and  occasionally  along  the  lateral  aspects.  The 
nodules  usually  range  from  pinhead  size  to  a few 
millimeters  in  diameter  (fig.  5-5B)  (17,18).  Eye- 
lids are  similarly  thickened  by  a diffuse  or  nod- 
ular process  and  may  be  everted  (fig.  5-5C). 
Common  but  less  obvious  lesions  include  broad- 
ening of  the  base  of  the  nose,  diffuse  gingival 
hypertrophy,  palatal  nodules,  and  such  ocular 
changes  as  conjunctival  nodules  and  thickened 
corneal  nerves  (11,14,26,28,42).  The  latter  are 
best  seen  on  slit-lamp  examination  (fig.  5-5D). 

Intestinal  ganglioneuromatosis  is  common  in 
patients  with  MEN  lib,  and  often  provides  the 
earliest  clinical  clue  that  a patient  has  the  syn- 
drome ( 15-17).  Other  prominent  features  include 
constipation  and  diarrhea,  generalized  colonic  di- 
verticulosis,  megacolon  (fig.  5-6),  and  disturbance 
of  esophageal  motility  (17,20).  A diagnosis  of  MEN 
lib  is  occasionally  made  upon  finding  ganglio- 
neuromatosis in  an  appendix  removed  either  inci- 
dentally (fig.  5-7)  or  for  symptoms  of  appendicitis. 

Pathologic  Findings.  Mucosal  neuromas, 
whether  localized  or  diffuse,  consist  of  markedly 
enlarged  nerves  within  the  submucosa  of  the 


lips,  oral  cavity,  and  tongue,  as  well  as  in  con- 
junctiva. Polypoid,  dome-shaped,  or  diffuse, 
their  basic  elements  are  the  same  (figs.  5-8,  5-9). 
The  numerous,  tortuous,  highly  branched  and 
loosely  arrayed  nerve  bundles  vary  in  size  and 
shape.  Less  frequently,  nerve  bundles  are  com- 
pact and  fascicular  in  arrangement  (36).  The 
perineurium  of  affected  nerves  is  usually  thick- 
ened and  a mucoid  matrix  (fig.  5-8B)  may  be 
present  between  nerve  fiber  bundles.  Reactive 
fibrosis  is  not  a feature  of  mucosal  neuroma.  In 
contrast  to  the  mass  of  affected  nerves  encoun- 
tered at  oral  sites,  linear  thickening  of  discrete 
nerves  is  more  common  in  the  cornea.  Most  occur 
in  the  limbus  (fig.  5-5D);  the  conjunctiva  and  iris 
are  less  often  affected  (46).  Proliferation  of  en- 
doneurial  cells  has  been  reported  to  occur  in  mu- 
cosal neuromas  (17),  but  at  the  ultrastructural 
level  the  ratio  of  Schwann  cells  to  axons  appears 
to  be  normal  (41,46).  As  a rule,  ganglion  cells  are 
not  present  in  mucosal  neuromas,  but  they  have 
been  noted  in  neuromas  of  lingual  and  ciliary 
nerves  (18,31,40),  as  well  as  at  the  root  of  the  iris 
and  in  the  uveal  meshwork  (41,46). 

The  principle  histologic  feature  of  intestinal 
ganglioneuromatosis  in  patients  with  MEN  lib  is 
band-like  and  nodular  enlargement  of  both  the 
submucosal  and  myenteric  nerve  plexuses  (figs. 
5-10A,B,  5-11)  (21).  This  process  consists  of  an 
increase  in  all  nerve  elements,  including  ganglion 
cells,  their  processes,  and  accompanying  Schwann 
cells  (fig.  5-10).  Ganglion  cells  are  commonly  iden- 
tified in  affected  plexuses  and  are  arranged  singly 
or  in  clusters;  their  content  of  Nissl  substance  is 
variable  (fig.  5-llA,B).  Whether  there  is  actual 
hyperplasia  of  ganglion  cells  has  not  been  deter- 
mined by  comparative  studies.  The  abnormality 
is  less  pronounced  in  the  submucosa  (fig.  5-10B) 
than  in  the  muscularis  propria  (myenteric 
plexus)  (figs.  5-10A,  5-11),  a site  in  which  en- 
larged nerve  plexuses  form  an  almost  uninter- 
rupted band  between  the  longitudinal  and  circu- 
lar muscle  coats.  In  addition,  hypertrophic  neural 
tissue  often  lies  dispersed  within  the  muscularis 
propria  and  may  even  be  seen  in  subserosal  fat. 
Whereas  proliferative  neural  tissue,  with  or 
without  ganglion  cells,  may  be  seen  within  the 
lamina  propria  in  patients  with  MEN  lib  (fig. 
5-10C),  mucosal  involvement  is  usually  focal  and 
is  invariably  associated  with  enlargement  of  the 
myenteric  plexus.  For  practical  purposes, 
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Figure  5-5 
MEN  I IB 

In  addition  to  a long,  narrow  face,  patients  often  have 
prominent  bumpy  lips  (A),  as  well  as  nodularity  of  the 
anterolateral  tongue  (B)  and  eyelid  margin  (C)  due  to  the 
presence  of  submucosal  neuromas.  On  slit  lamp  examina- 
tion enlarged  corneal  nerves  are  evident  as  delicate  threads 
(D).  Although  greatly  enlarged,  the  microanatomy  of  these 
affected  nerves  is  essentially  normal.  (A  and  B,  courtesy  of 
Dr.  J.  A.  Carney,  Rochester,  Minnesota.) 


c 
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Figure  5-6 

GANGLIONEUROMATOSIS  OF  THE  COLON  IN  MEN  I IB 
Megacolon  commonly  results.  Note  dilation  of  the  affected  segment. 


Figure  5-7 

GANGLIONEUROMATOSIS  OF  THE  APPENDIX  IN  MEN  IIB 

On  occasion,  the  diagnosis  may  be  suspected  at  incidental  appendectomy.  The  changes  are  identical  to  those  in  the  colon 
(see  Figs.  5-10,  5-11). 
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Figure  5-8 

MUCOSAL  NEUROMATOSIS  OF  THE  LIPS  IN  MEN  IIB 
A:  A biopsy  demonstrates  hypertrophic  submucosal  nerves  unassociated  with  ganglion  cells. 

B:  Note  the  increase  of  endoneurial  mucin,  a feature  best  seen  at  higher  magnification. 

C,D:  The  relatively  normal  microanatomy  of  the  nerves  is  illustrated  with  immunostains  for  S-100  protein  (C)  and 
neurofilament  protein  (D). 
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Figure  5-9 

MUCOSAL  NEUROMATOSIS  OF  THE  TONGUE  IN  MEN  IIB 
The  process  varies  from  polypoid  (left)  to  plexiform  (above). 


Figure  5-10 

GANGLIONEUROMATOSIS  OF 
THE  COLON  IN  MEN  IIB 
Note  massive,  nearly  continuous,  band-like  hypertrophy 
of  Auerbach’s  myenteric  plexus  (A),  hypertrophy  of  the  sub- 
mucosal plexus  (B),  and  lesser  involvement  of  the  lamina 
propria  (C). 
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Figure  5-11 

GANGLIONEUROMATOSIS  OF  THE  COLON  IN  MEN  IIB 
The  myenteric  ganglia  are  markedly  enlarged  (A)  but  their  cellular  elements,  Schwann  cell-ensheathed  axons  and  ganglion 
cells,  are  essentially  normal  on  Nissl  preparations  (B),  and  neuron-specific  enolase  (C)  and  neurofilament  protein  (D) 
immunostains. 


ganglioneuromatous  involvement  of  all  layers  of 
the  intestine  is  seen  only  in  patients  with  MEN 
lib;  similar  changes  in  neurofibromatosis  type  1 
(NF1)  are  rare  (see  fig.  5-15). 

Immunohistochemical  Findings.  As  ex- 
pected, the  cells  of  mucosal  neuromas  stain  like 
normal  nerve  cells.  Schwann  cells  and  axons 
strongly  stain  for  S-100  protein  and  neurofilament 
otein,  respectively  (fig.  5-8C,D).  In  addition,  the 
ganglion  cells  of  ganglioneuromas  are  reactive  for 
uron  specific  enolase  (fig.  5-11C),  neurofilament 
protein  (fig.  5-11D),  and  synaptophysin. 

Differential  Diagnosis.  Histologically,  mu- 
cosal neuromas  of  MEN  lib  may  resemble  either 


traumatic  neuroma  or  palisaded  encapsulated 
neuroma  (PEN),  both  of  which  have  been  re- 
ported to  occur  in  oral  mucosa  (19).  The  lesion 
may  also  resemble  schwannoma.  Cross  sections 
of  traumatic  neuroma  generally  reveal  a jumble 
of  closely  packed  nerve  fiber  bundles.  These  vary 
in  size  and  shape,  show  scant  or  only  focal  peri- 
neurial  ensheathment,  and  lie  in  a background 
of  reactive  fibrosis  with  or  without  associated 
chronic  inflammation.  A readily  recognized  nerve 
is  often  seen  to  enter  and  occasionally  to  exit  the 
mass.  In  contrast,  the  mucosal  neuromas  of  MEN 
lib  represent  a more  orderly  increase  in  distinct, 
well -formed  nerves  in  an  otherwise  unremarkable 
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submucosa.  In  contrast  to  mucosal  neuromas, 
schwannomas  usually  present  as  discrete  le- 
sions, and  feature  Antoni  A and  B tissue  as  well 
as  palisading  of  tumor  cells.  Even  when  plexi- 
form,  schwannomas  show  a relative  absence  of 
axons.  Although  mucosal  PEN,  particularly 
multinodular  examples,  may  be  difficult  to  dis- 
tinguish from  the  mucosal  neuromas  of  MEN 
lib,  the  compact,  ill-defined  microfascicles  of  the 
former  are  very  cellular,  consist  almost  entirely 
of  Schwann  cells,  and  contain  fewer  axons  than 
are  present  in  mucosal  neuromas.  Further  clues 
to  their  distinction  include  the  presentation  of 
mucosal  PEN  as  a solitary  lesion  occurring  in  an 
older  age  group  (middle  age  versus  childhood 
and  adolescence)  as  well  as  the  occasional  ap- 
pearance of  palisaded  Schwann  cells.  Adiagnosis 
of  mucosal  neuromatosis  is  obviously  aided  by 
the  identification  of  other  manifestations  of  the 
MEN  lib  syndrome,  either  in  the  patient  or  in  a 
family  member. 

Also  to  be  considered  is  focal  or  diffuse  intes- 
tinal ganglioneuromatosis  associated  with  disor- 
ders other  than  MEN  lib.  These  include  Cowdens 
disease  (29,47),  juvenile  polyposis  (22,33,37,48), 
colonic  adenoma  and  adenocarcinoma  (45,48), 
and  Hirschsprung’s  disease  (12,38,43).  Isolated 
intestinal  ganglioneuromatosis  has  also  been  re- 
ported (13,24,30,32,34,39).  Unlike  the  intestinal 
ganglioneuromatosis  of  MEN  lib,  the  above- 
noted  examples  are  usually  focal  and,  with  the 
exception  of  occasional  extension  into  the  sub- 
mucosa, do  not  involve  deeper  layers  of  the  in- 
testinal wall.  Far  more  difficult  to  distinguish 
from  intestinal  ganglioneuromatosis  of  MEN  lib 
are  similar  lesions  rarely  occurring  in  NF1. 

NEUROMA,  GANGLIONEUROMA/ 
GANGLIONEUROMATOSIS,  AND 
NEURONAL  INTESTINAL  DYSPLASIA 
OF  THE  ALIMENTARY  TRACT 
UNASSOCIATED  WITH  MEN  TYPE  IIB 

These  lesions  consist  of  hyperplasia  of  nerve 
fibers  or  hypertrophy  of  autonomic  plexuses,  ei- 
ther localized  and  tumefactive  or  diffuse,  but 
unassociated  with  MEN  lib.  The  disorders  and 
lesions  included  here  fall  under  the  categories  of 
neuroma,  likely  a reactive  condition,  ganglio- 
neuroma/gangliomatosis,  and  neuronal  intesti- 
nal dysplasia. 


Neuromas 

The  appendiceal  neuroma,  a commonly  ob- 
served reactive  lesion  also  termed  mucosal  neu- 
rogenic appendicopathy,  reportedly  affects  10  to 
27  percent  of  excised  vermiform  appendices  (59, 
67,82 ).  The  lesion  was  originally  studied  by  Mas- 
son in  the  1920s  (64,65),  but  a number  of  series 
have  subsequently  been  reported  (50,54,59,67, 
68,82,84).  In  most  instances  the  lesion  is  an 
incidental  finding  in  appendices  excised  for  other 
reasons  (82).  Only  rare  examples  cause  luminal 
obstruction  and  are  responsible  for  symptoms 
simulating  acute  appendicitis  (60,64,68). 

In  terms  of  gross  pathology,  appendiceal  neuro- 
mas are  usually  indistinguishable  from  fibrous 
obliteration  of  the  appendiceal  tip.  On  cut  section, 
they  are  gray  and  often  glistening  (82).  Histologi- 
cally, appendiceal  neuromas  somewhat  resemble 
traumatic  neuroma,  a lesion  to  which  they  may  be 
related.  They  feature  variable  replacement  of 
the  appendiceal  wall  and  luminal  obliteration  by 
a proliferation  of  loosely  arranged,  spindle- 
shaped  cells  with  delicate  eosinophilic  processes 
(fig.  5-12A,B  ).  Immunoreactive  for  S-100  protein 
(fig.  5-12C),  these  cells  represent  Schwann  cells 
investing  nerve  fibers.  They  are  not  readily  seen 
with  hematoxylin  and  eosin  (H&E)  stain;  instead 
they  are  demonstrated  with  Bodian  or  Biel- 
schowski  preparations  and  immunostain  for  neu- 
rofilament protein.  Unlike  the  ganglioneuroma- 
tous  lesions  noted  above,  appendiceal  neuromas 
lack  a ganglion  cell  component. 

Three  growth  patterns  have  been  described 
(67):  intramucosal,  subserosal,  and  axial.  In- 
tramucosal  examples  expand  the  lamina  propria, 
spreading  apart  crypts  and  depressing  the 
muscularis  mucosae.  Axial  neuromas  are  the  most 
common  and  account  for  nearly  half  of  all  examples 
(67).  Longitudinally  oriented,  such  lesions  involve 
the  tip  of  the  obliterated  appendix,  are  encased 
by  fibromuscular  and  adipose  tissue,  and  only 
proximally  contact  the  mucosa.  Their  boundary 
with  adjacent  lamina  propria  is  often  indistinct. 
Appendiceal  neuromas  are  frequently  associated 
with  an  increase  of  argentaffin-positive  neuroen- 
docrine cells  in  the  lamina  propria  (fig.  5-12D) 
and  may  be  found  within  the  neuromatous  tissue. 
Regressive  changes  are  seen  in  approximately 
25  percent  of  cases  and  include  atrophy  of  neu- 
rites,  absence  or  loss  of  argentaffin  cells,  chronic 
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Figure  5-12 

APPENDICEAL  NEUROMA 

The  obliterated  tip  of  the  appendiceal  lumen  (A)  is  replaced  by  a tangle  of  hypertrophic  nerve  fibers  which  also  involve  the 
submucosa  (B).  Some  single  and  others  grouped,  their  Schwann  sheaths  immunoreact  for  S-100  protein  (C).  Clusters  of 
neuroendocrine  cells  are  a common  finding  within  such  neuromas  (D). 
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inflammation,  fibrosis,  and  occasionally  stromal 
myxoid  change  (67). 

We  have  seen  and  others  have  reported  neuro- 
mas of  the  intestinal  tract  unassociated  with  other 
neoplasms  (85).  Among  these  are  biliary  tract  and 
duodenal  neuromas.  Examples  typically  occur  in 
the  wall  of  the  gallbladder,  the  common  bile  duct, 
and  in  the  second  portion  of  the  duodenum  (fig. 
5-13A,B).  They  arise  from  submucosal  or 
myenteric  plexuses,  and  may  be  multinodular. 
Devoid  of  ganglion  cells,  their  architecture  some- 
what resembles  that  of  traumatic  neuroma  (fig. 
5-13B,C)  (76).  One  example  was  reported  as  a 
neurofibroma  (86).  This  point  of  confusion  can  be 
avoided  by  the  performance  of  silver  impregna- 
tion stains  or  immunostains  for  the  demonstra- 
tion of  axons.  The  differential  diagnosis  with 
gangliocytic  paraganglioma  of  the  duodenum 
(61,79)  generally  poses  no  problem. 

Ganglioneuroma/Ganglioneuromatosis 

Solitary  Polypoid  Intestinal  Ganglio- 
neuroma. Focal  ganglioneuroma  is  most  often 
an  incidental  colonoscopic  finding  unassociated 
with  an  underlying  condition  (fig.  5-14)  (80). 
Most  are  small,  sessile,  or  pedunculated  polyps 
that  grossly  resemble  juvenile  polyps,  adeno- 
mas, or  hyperplastic  polyps,  and  measure  less 
than  2 cm.  The  microscopic  pattern  (80)  of  the 
ganglioneuromatous  tissue  varies:  there  may  be 
a patchy  distribution  within  the  lamina  propria; 
a nodular,  neurofibroma-like  distribution  in  mu- 
cosa and  submucosa;  or  a combined  pattern. 
Ganglion  cells  vary  in  number  (fig.  5-14B,C). 
Shekitka  and  Sobin  (80)  showed  no  association 
with  multiple  tumors,  NF1,  or  MEN  lib. 

Ganglioneuromatosis.  This  condition,  con- 
sisting of  hypertrophy  of  the  diffuse  autonomic 
plexus  of  the  alimentary  tract,  may  occur  in  several 
settings  aside  from  MEN  lib  (see  Mucosal  Neu- 
roma, Mucosal  Neuromatosis,  and  Intestinal  Gan- 
glioneuromatosis of  MEN  lib).  There  are  reports 
of  intestinal  ganglioneuromatosis  in  patients 
with  NF1  (56,74,77,80).  Such  lesions  are  rare 
(fig.  5-15)  and  may  affect  both  the  submucosal  and 
myenteric  plexuses  or  only  the  former  (56).  Most 
often,  the  changes  are  limited  to  the  mucosa.  The 
confusing  term  “ganglioneurofibromatosis”  has 
also  crept  into  use  to  describe  a sprinkling  of 
ganglion  cells  within  the  mucosa  in  patients  with 


NF1.  We,  as  well  as  others  (74),  do  not  consider  this 
an  entity  and  discourage  the  use  of  the  term.  In  our 
opinion,  most  reported  examples  of  transmural 
hypertrophy  of  the  autonomic  plexus  in  patients 
with  NF1  more  closely  resemble  involvement  by 
plexiform  neurofibroma  (53,58,83).  Subtle  mor- 
phologic features  distinguish  intestinal  ganglio- 
neuromatosis of  MEN  lib  from  such  lesions. 
Whereas  the  enlarged  plexuses  and  discrete  nod- 
ules noted  in  neurofibroma  may  exhibit  a myxo- 
matous matrix,  such  stromal  change  is  not  a 
feature  of  MEN  lib-associated  intestinal  ganglio- 
neuromatosis. Furthermore,  the  altered  nerves 
are  arranged  both  horizontally  and  vertically, 
whereas  in  the  ganglioneuromatosis  of  MEN  lib 
and  rarely  of  NF1,  the  enlarged  hypertrophic  plex- 
uses are  arranged  only  in  a horizontal  manner. 

Mucosal  ganglioneuromatosis  may  also  be 
part  of  a systemic  disorder  termed  Cowden's 
disease  (63),  an  autosomal  dominant  disorder 
characterized  by  ectodermal,  mesodermal,  and  en- 
dodermal  abnormalities,  including  hypoplastic 
mandible  and  prominent  forehead  (52);  verrucous- 
like  cutaneous  papules  occurring  in  an  acral  dis- 
tribution; facial  trichilemmomas  arising  predomi- 
nantly about  the  mouth,  nose,  eyes,  and  ears  (52, 
62,70);  squamous  papules  of  the  oral  mucosa  (70); 
multifocal  esophageal  acanthosis  (62);  gastric  lym- 
phoid and  hyperplastic  polyps  (71);  small  bowel 
polyposis  (71);  benign  polyps  of  the  colon  (71); 
carcinoma  of  the  thyroid  (57);  and  a high  incidence 
of  mammary  carcinoma  in  females  (75).  An  asso- 
ciation has  also  been  noted  between  Cowden’s 
disease  and  dysplastic  gangliocytoma  of  the  cere- 
bellum ( Lhermitte-Duclos  disease)  (69). 

Hyperplasia  of  neural  tissue  of  the  intestinal 
mucosa,  sometimes  accompanied  by  ganglion 
cells,  has  also  been  seen  in  association  with  ju  ve- 
nile polyposis  (55,66,72,87)  and  colonic  adenoma 
and  adenocarcinoma  (81,87).  In  patients  with 
such  lesions,  as  well  as  in  the  setting  of  Cowden’s 
disease,  mucosal  ganglioneuromatosis  is  invari- 
ably an  incidental  finding  and  does  not  contribute 
to  presenting  symptoms.  The  mucosal  ganglio- 
neuromatosis occurring  in  association  with  the 
above  conditions  consists  of  mucosal  thickening 
due  to  abundance  of  neural  processes,  their  parent 
ganglion  cells,  and  accompanying  Schwann  cells. 
When  associated  with  benign  polyps,  the  ganglio- 
neuromatous proliferation  may  involve  either  the 
polyps  or  surrounding  normal  mucosa  (87).  In  one 
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Figure  5-13 

DUODENAL  NEUROMA 

j his  suomucosal  lesion  (A)  consists  of  spindle-shaped  Schwann  cells  (B)  associated  with  nerve  fibers.  Individual  or  disposed 
in  iascicles,  the  Schwann  sheaths  and  axons  are  immunoreactive  for  both  neurofilament  protein  (C)  and  S-100  protein. 
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Figure  5-14 

SOLITARY  POLYPOID  GANGLIONEUROMA 

As  isolated  lesions  such  as  this  colonic  example  in  a 50-year-old  male  (A),  polypoid  ganglioneuromas  are  of  no  clinical 
significance.  Superficial  in  location,  they  expand  the  lamina  propria  and  submucosa  and  consist  of  numerous  mature  ganglion 
cells  and  nerve  fibers.  The  former  may  be  numerous  (B)  or,  as  in  another  example,  sparse  (C).  (Courtesy  of  Dr.  L.  J.  Burgart, 
Rochester,  Minnesota.) 
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Figure  5-15 

GANGLIONEUROMATOSIS  IN  NF1 
In  addition  to  plexiform  neurofibroma  affecting  both  the 
submucosa  and  serosa  (A),  ganglioneuromatous  involve- 
ment of  the  submucosa  (B)  and  mucosa  (C)  is  also  seen. 
(Courtesy  of  Dr.  L.  Sobin,  Washington,  DC,  and  K.M. 
Shekitka,  Annapolis,  Maryland.)  (Also  see  figure  13-13.) 
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case  of  colonic  adenocarcinoma,  the  ganglio- 
neuromatosis  was  diffuse,  involving  not  only  the 
tumor-affected  cecum,  but  the  vermiform  appen- 
dix and  terminal  ileum  as  well  (81). 

Neuronal  Intestinal  Dysplasia 

Usually  a disorder  of  newborns  and  associated 
with  Hirschsprung’s  disease  (51,73,78),  neuronal 
intestinal  dysplasia  (NID)  is  characterized  by  local- 
ized or  diffuse  hypertrophy  of  the  submucosal  and 
myenteric  plexuses,  often  in  the  distal  large  bowel. 
Hypertrophic  neural  tissue  occasionally  extends 
into  the  lamina  propria.  The  diffuse  form  may 
extend  to  involve  more  proximal  large  bowel,  the 
vermiform  appendix,  small  bowel,  or  even  the  stom- 
ach (51).  NID  may  present  as  an  isolated  disorder 
or,  as  in  20  to  75  percent  of  cases,  in  association  with 
distal  bowel  aganglionosis  (Hirschsprung’s  dis- 
ease). In  a minority  of  instances,  the  patients 
exhibit  major  malformations  (51). 

Affected  newborns  and  young  children  have 
symptoms  resembling  those  of  Hirschsprung’s 
disease.  Clinically,  the  disorder  is  divided  into 
three  groups:  A (15  percent),  B (70  percent),  and 
C ( 15  percent).  Group  C cases  exhibit  the  combined 
features  of  groups  A and  B (51).  Individuals  in 
group  A experience  an  early  onset  of  severe  symp- 
toms including  constipation,  diarrhea,  and  those 
of  “ulcerative  colitis.”  The  acute,  stormy  course  of 
group  A disease  is  due  to  hypoplasia  of  the  sympa- 
thetic innervation  of  the  gut.  Patients  in  group  B 
commonly  present  with  constipation,  and  the  dis- 
ease is  less  severe  and  more  protracted.  Fatality 
due  to  NID  of  any  type  is  infrequent  (51). 

A familial  disorder  of  small  intestinal  neuro- 
nal dysplasia  associated  with  multiple  gastroin- 
testinal autonomic  nerve  tumors  (GANT)  has 
recently  been  described  (70a). 

LOCALIZED 

HYPERTROPHIC  NEUROPATHY 

Definition.  Localized  hypertrophy  of  a pe- 
ripheral nerve  is  caused  by  onion  bulb-like  hy- 
perplasia of  Schwann  cells,  leading  to  fascicular 
enlargement. 

General  Comments.  The  term  localized  hy- 
pertrophic neuropathy  ( LHN ) has  long  been  used 
to  denote  two  distinct  lesions:  a rare,  nonheredi- 
tary,  localized  Schwann  cell  proliferation  charac- 
terized by  onion  bulb  formation  and  a more  com- 


mon intraneural  tumor  of  perineurial  cells  en- 
gaged in  pseudo-onion  bulb  formation,  now  des- 
ignated intraneural  perineurioma.  Unlike  some 
authors  ( 89 ),  we  do  not  consider  LHN  to  be  a part 
of  a lesion  spectrum  that  includes  perineurioma. 

The  nature  of  LHN  has  not  been  determined, 
but  most  consider  it  a reactive  rather  than  a neo- 
plastic process.  It  involves  isolated  nerves  and 
should  not  be  considered  a variant  of  the  heredi- 
tary hypertrophic  sensorimotor  neuropathy,  eg. 
Dejerine-Sottas  or  Charcot-Marie-Tooth  disease. 
Onion  bulb  formation,  the  hallmark  of  Schwann 
cell  hypertrophy,  follows  repeated  episodes  of  de- 
myelination  and  remyelination,  and  can  also  be 
seen  in  chronic  inflammatory  demyelinating  neu- 
ropathy (92),  as  well  as  other  polyneuropathies. 

Clinical  Features.  To  date  only  four  exam- 
ples of  LHN  have  been  described  (88-90,93).  All 
have  occurred  in  adults.  Although  one  patient 
had  several  cafe  au  lait  spots,  no  cases  have  been 
reported  in  association  with  NF1.  Since  in  one 
instance  the  process  did  involve  two  nerves  (93), 
the  designation  localized  hypertrophic  “mono- 
neuropathy” should  be  avoided.  Cranial  (88,89) 
or  spinal  nerves  (90,93)  may  be  affected.  Both 
reported  cranial  nerve  examples  involved  the 
trigeminal  nerve.  One  spinal  nerve  case,  a tibial 
nerve  lesion,  was  associated  with  chronic  inflam- 
mation (90)  and  the  other,  a cauda  equina  exam- 
ple, involved  two  nerve  roots  and  was  associated 
with  a sacral  meningocele  (93). 

Gross  Findings.  The  four  cases  reported  to 
date  have  involved  nerves  of  differing  size  as  well 
as  cranial  nerve  ganglia.  Grossly,  these  struc- 
tures are  enlarged  and  usually  yellow  to  gray. 
Affected  nerves  appear  fusiform  with  markedly 
enlarged  fascicles;  maximal  lesion  length  and 
diameter  were  15  cm  (90)  and  2 cm  (93),  respec- 
tively. Adherence  to  normal  surrounding  roots 
was  noted  in  the  cauda  equina  lesion  (93). 

Microscopic  Findings.  LHN  is  character- 
ized by  nerve  fascicle  expansion  (fig.  5-16A)  due 
to  the  formation  of  onion  bulbs,  each  consisting 
of  whorls  of  uniform,  cytologically  normal 
Schwann  cells  encircling  a variably  myelinated 
axon  (fig.  5-16B).  The  onion  bulbs  contain  con- 
siderable collagen  (fig.  5-16C)  and  typically  lie 
within  a watery,  Alcian  blue-positive  matrix  ( fig. 
5-16D).  Stains  for  myelin  show  it  to  be  scant  (fig. 
5-17,  left)  but  axons  are  readily  demonstrated  on 
silver  preparations  (fig.  5-17,  right). 
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Figure  5-16 

LOCALIZED  HYPERTROPHIC  NEUROPATHY 

A:  A portion  of  two  affected  fascicles  show  the  onion  bulbs  to  be  widely  separated. 

B:  Onion  bulbs  consist  of  lamellae  of  Schwann  cells  surrounding  a nerve  fiber. 

C:  Considerable  collagen  accompanies  the  Schwann  cells  (trichrome). 

D:  The  endoneurium  contains  Alcian  blue-positive  mucin.  (Courtesy  of  Dr.  D.  Horoupian,  Palo  Alto,  California.) 
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Figure  5-17 

LOCALIZED  HYPERTROPHIC  NEUROPATHY 

Routine  histoehemical  stains  show  myelin  to  be  scant  or  lacking  (left,  Luxol-fast  blue),  but  axons  are  readily  visible  on  silver 
preparation  (right,  Bielschowsky).  (Courtesy  of  Dr.  D.  Horoupian,  Palo  Alto,  CA.) 


Immunohistochemical  Findings.  In  keeping 
with  their  composition  of  multilayered  Schwann 
cells,  onion  bulbs  are  strongly  S-100  protein  immu- 
noreactive  (fig.  5-18A).  Each  surrounds  a central, 
neurofilament  protein-positive  axon  (fig.  5-18B). 
Epithelial  membrane  antigen  (EMA)  reactivity 
is  limited  to  perineurium  (fig.  5-180. 

Ultrastructural  Findings.  Individually,  the 
onion  bulbs  are  composed  of  multiple  layers  of 
Schwann  cells  encircling  a variably  myelinated 
axon.  The  reduplicated  Schwann  cells  have  a 
continuous  basement  membrane  and  loosely  ap- 
posed cytoplasmic  processes,  and  lack  the  nu- 
merous intercellular  junctions  and  micro- 
pinocytotic  vesicles  of  perineurial  cells. 

Differential  Diagnosis.  The  principle  differ- 
ential diagnosis  of  LHN  is  intraneural  peri- 
neurioma,  a lesion  long  included  in  the  spectrum 


of  LHN  but  now  recognized  to  be  a neoplasm 
rather  than  a reactive  process  (91).  Perineuri- 
omas  affect  major  nerves,  involve  perineurium 
and  endoneurium,  and  consist  of  proliferating, 
multilayered  perineurial  cells  surrounding  one 
or  more  axons  and  their  Schwann  sheaths.  The 
result  is  pseudo-onion  bulb  formation.  Encircle- 
ment of  vessels  may  also  be  seen.  Given  their 
composition  of  predominantly  perineurial  cells, 
perineuriomas  differ  from  LHN  by  being  EMA 
immunoreactive.  S-100  protein  stains  demon- 
strate only  preexisting  normal,  centrally  located 
Schwann  sheaths.  The  ultrastructural  features 
of  the  multilayered  cells  are  those  of  well-differ- 
entiated perineurial  cells,  rather  than  of 
Schwann  cells.  A detailed  description  of  the  ul- 
trastructural of  intraneural  perineurioma  is  pre- 
sented in  chapter  9. 
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Figure  5-18 

LOCALIZED  HYPERTROPHIC  NEUROPATHY 

A:  The  Schwann  cell  nature  of  the  cells  comprising  onion  bulbs  is  evidenced  by  strong  S-100  protein  immunoreactivity. 
B:  Note  central  axons  on  neurofilament  protein  immunostain. 

C:  Staining  for  EMA  is  limited  to  normal  perineurium. 
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Figure  5-19 

CHRONIC  INFLAMMATORY  DEMYELINATING  POLYNEUROPATHY  (CIDP) 

This  sporadic,  often  relapsing  autoimmune  condition  varies  in  extent.  This  impressive  example  involved  cranial  and  spinal 
nerve  roots,  including  the  cauda  equina  (A).  The  roots  are  markedly  enlarged  (A,B)  and  show  prominent  onion  bulb  formation 
(C,  left).  Many  Fibers  are  affected,  having  lost  their  myelin  (C,  right;  Luxol  fast-blue)  and  being  surrounded  by  hypertrophic 
Schwann  cells.  Inflammatory  cells  are  few  but  include  lymphocytes  (D,  left;  CD45)  and  histiocytes  (D.  right;  CD68). 


More  generalized  disorders  characterized  by 
onion  bulb  formation,  such  as  hereditary  senso- 
rimotor neuropathies  (Charcot-Marie-Tooth  dis- 
ease, Dejerine-Sottos  disease)  and  chronic  in- 
flammatory demyelinating  polyneuropathy 
(CDIP)  (fig.  5-19)  are  easily  distinguished  from 
LHN  on  clinicopathologic  grounds. 


Treatment  and  Prognosis.  LHN  is  an  indo- 
lent process.  Only  one  example  was  tumefactive 
(89),  a trigeminal  lesion  that  occupied  the  left 
cavernous  sinus.  The  treatment  is  similar  to  that 
of  intraneural  perineurioma,  biopsy  confirmation 
of  the  diagnosis  followed  by  observation. 
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HAMARTOMA  AND  CHORISTOMA 


LIPOFIBROMATOUS 
HAMARTOMA  OF  NERVE 

Definition.  This  is  a benign  overgrowth  of 
epineurial  adipose  and  fibrous  tissue,  with  or 
without  associated  macrodactyly,  most  often  af- 
fecting the  distal  upper  extremity.  Synonyms  in- 
clude fibrolipomatous  hamartoma,  lipofibroma, 
and  fibrolipomatosis. 

General  Comments.  Lipofibromatous  ham- 
artoma is  an  uncommon  lesion:  only  about  50 
cases  have  been  reported  (1,4,7,8,10,13).  The 
process  occurs  sporadically  and  has  no  associa- 
tion with  neurofibromatosis.  Females  are  twice 
as  often  affected  as  males.  At  presentation,  the 
majority  of  patients  are  adolescents  or  young 
adults;  occasional  examples  occur  in  the  neona- 
tal period  or  in  late  adulthood  (1).  Distal  periph- 
eral nerves  are  most  often  affected;  cranial  nerve 
involvement  is  rare  (3).  Lipofibromatous  ham- 
artomas affect  the  upper  extremities  three  times 
more  frequently  than  the  lower  limbs.  Proximal 
lesions  are  few,  and  include  a lesion  of  the  radial 
nerve  at  the  elbow  (5)  and  one  involving  the 
whole  of  the  brachial  plexus  (11).  The  median 
nerve  is  far  more  often  affected  than  the  ulnar 
or  radial  nerve.  Digital  enlargement  due  to  an 
increase  of  perineural  soft  tissue  and  skin  com- 
monly results  (fig.  6-1).  When  accompanied  by 
“true  macrodactyly,”  enlargement  of  bone  as  well 
as  soft  tissue  (fig.  6-2),  the  lesion  has  been  re- 
ferred to  as  macrodystrophia  lipomatosa.  The 
fact  that  lipofibromatous  hamartomas  of  the 
lower  extremities  are  rarely  associated  with  true 
macrodactyly  suggests  that  a genetically  deter- 
mined abnormality  in  end-organ  tissue  respon- 
siveness to  trophic  factors  may  underlie  the 
morphologic  distinction  (13).  Lipofibromatous 
hamartomas  are  rarely  bilateral  (1).  Although 
there  is  no  relationship  with  neurofibromatosis, 
one  patient  with  hamartomatous  involvement  of 
two  digits  in  one  hand  was  reported  to  also  have 
Klippel-Trenaunay- Webber  syndrome  (bony  hy- 
pertrophy of  extremities  and  a concomitant  vas- 
cular anomaly)  (1).  Aside  from  the  clinically  ob- 
vious mass,  patients  with  lipofibromatous 
hamartoma  tend  to  develop  sensorimotor  defi- 


cits. Involvement  of  the  median  nerve  at  the  wrist 
may  manifest  as  carpal  tunnel  syndrome. 

Gross  Findings.  Lipofibromatous  hamarto- 
mas consist  of  a lobulated,  yellow,  sausage- 
shaped expansion  of  peripheral  nerve  by  adipose 
tissue  (fig.  6-3).  In  some  instances,  hypertrophy 
of  surrounding  skin  and  soft  tissue  is  associated 
with  bone  enlargement  (macrodystrophia  lipoma- 
tosa) (fig.  6-2).  When  totally  resected,  relatively 
normal-appearing  proximal  and  distal  nerves 
are  often  identified  (fig.  6-3,  right). 

Microscopic  Findings.  In  cross  section,  the 
epineurium  of  the  affected  nerve  and  often  of  its 
branches  is  expanded  by  adipose  tissue  (fig.  6- 
4A).  It  is  in  the  proximal  and  distal  portions  of 
the  lesion  that  the  relative  proportion  of  fibrous 
tissue  to  fat  may  be  increased.  Additional  fibro- 
adipose  overgrowth  is  often  evident  outside  the 
vague,  delicate  confines  of  the  epineurium.  Since 
small  branches  of  a nerve  may  also  be  affected, 
the  diagnosis  may  in  some  cases  be  confidently 
made  on  a very  limited  biopsy.  In  addition  to 
adipose  tissue,  the  most  conspicuous  component 
of  the  lesion,  the  affected  nerve  may  show  other 
alternations,  particularly  perineurial  septation 
of  nerve  fascicles  and  microfascicle  formation 
(fig.  6-4B)  (5,14).  Onion  bulb-like  hypertrophic 
change  due  to  an  increase  in  perineurial  cells 
may  also  be  seen  and  should  not  be  misinter- 
preted as  intraneural  perineurioma,  a lesion  dis- 
cussed in  chapter  9 (fig.  6-4E).  Chronic  alter- 
ations also  include  collagen  deposition  and 
marked  axonal  loss  (fig.  6-4). 

Ultrastructural  Findings.  The  hypertro- 
phic change  that  may  be  seen  in  entrapped 
nerves  has  been  shown  to  consist  of  multilayer- 
ing of  perineurial  cells  (14).  Minimal  changes  are 
observed  in  myelinated  and  unmyelinated  nerve 
fibers  and  their  accompanying  Schwann  cells. 

Differential  Diagnosis.  A number  of  adi- 
pose lesions,  either  intrinsic  or  extrinsic,  may 
affect  nerve  (fig.  6-5)  (7,14).  Soft  tissue  lipoma 
and  lipoma  of  nerve  sheath  may  compress  nerve 
fascicles  to  produce  neurologic  symptoms.  Their 
distinction  from  lipofibromatous  hamartoma  may 
be  made  at  surgery.  Composed  entirely  of  adipose 
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Figure  6-1 

LIPOFIBROMATOUS  HAMARTOMA 
In  this  case,  massive  involvement  of  the  thumb  and  thenar  eminence 
(above)  was  radiographically  unassociated  with  a skeletal  abnormality 
(right).  (Figures  6-3,  right  and  6-4,  right  are  from  the  same  case.) 


Figure  6-2 

LIPOFIBROMATOUS  HAMARTOMA 
This  example,  affecting  the  index  finger,  was  associated 
with  true  macrodactyly  and  conforms  to  the 
“macrodystrophia  lipomatosa”  variant. 


tissue,  lipomas  are  delicately  encapsulated,  and 
lack  an  intimate  association  with  nerve 
branches  and  fascicles  or,  for  that  matter,  with 
macrodactyly.  Lipoma  of  soft  tissue  secondarily 
affecting  nerve  and  epineurial  lipomas  are  dis- 
cussed in  greater  detail  in  the  section  Miscella- 
neous Tumor  of  Nerve. 

The  relation  of  lipofibromatous  hamartoma  to 
“lipoma”  of  cranial  and  cauda  equina  nerve  roots 
is  unclear.  In  that  such  lesions  occasionally  con- 
tain other  tissue  elements,  including  muscle, 
they  are  discussed  under  the  differential  diagnosis 
of  neuromuscular  choristoma  (see  below). 

Treatment  and  Prognosis.  The  therapeutic 
approach  to  lipofibromatous  hamartoma  must 
take  into  account  both  the  integrity  of  the  affected 
nerve  and  the  frequently  associated  macrodactyly. 
Since  older  patients  often  have  a more  profound 
neurologic  deficit  than  do  young  ones,  approaches 
to  therapy  vary  with  patient  age.  Some,  noting  a 
degree  of  preservation  of  sensation  despite  nerve 
excision,  recommend  simple  excision  of  the  en- 
tire lesion  (2,9).  Microsurgical  intraneural  dis- 
section of  hamartomatous  tissue  also  has  its 
proponents  (6,14),  but  the  procedure  may  meet 
with  only  limited  success  ( 1 ).  One  recent  study 
(1)  suggests  that  simple  excision  of  epineurial 
tissue,  leaving  the  intact  nerve  in  situ,  preserves 
nerve  function.  Others  have  suggested  no  or  only 
minimal  surgical  intervention  (12).  As  a rule, 


Hamartoma  and  Choristoma 


Figure  6-3 

LIPOFIBROMATOUS  HAMARTOMA 

Left:  Operative  view  of  a lipofibromatous  hamartoma  of  the  median  nerve  after  release  of  the  transverse  carpal  ligament. 
The  lesion  occurred  in  a 63-year-old  female  with  a 6-month  history  of  weakness,  numbness,  and  clumsiness  of  the  right  hand. 
Note  the  enormously  swollen  median  nerve  containing  adipose  tissue  in  the  distal  forearm  and  wrist.  (Fig.  2 from  Guthikonda 
M,  Rengachary  SS,  Balko  MG,  van  Loveren  H.  Lipofibromatous  hamartoma  of  the  median  nerve:  case  report  with  magnetic 
resonance  imaging  correlation.  Neurosurgery  1994;35:127-32.) 

Right:  Yet  another  more  massive  example  shows  more  abrupt  transition  to  normal  nerve. 


resection  is  curative,  but  recurrence  of  symp- 
toms, such  as  carpal  tunnel  syndrome,  or  of  a 
discernible  mass  is  rarely  reported  ( 1 ). 

NEUROMUSCULAR  CHORISTOMA 

Definition.  This  non-neoplastic  mass  is  com- 
posed of  mature  skeletal  muscle  and  peripheral 
nerves  in  which  myocytes  are  intimately  associ- 
ated with  nerve  fibers.  It  is  also  known  as  neu- 
rom uscular  ha martom a. 

General  Comments.  The  nature  of  neuro- 
muscular choristoma  is  as  yet  unsettled.  When 
viewed  in  the  context  of  limb  components,  the  once 
popular  designation  neuromuscular  hamartoma 
may  seem  reasonable.  On  the  other  hand,  since 
skeletal  muscle  is  not  a normal  component  of 
nerve,  the  term  choristoma  is  more  appropriate 


when  the  lesion  is  viewed  as  one  intrinsic  to 
nerve.  The  hamartoma  concept  is  also  hard  to 
reconcile  with  the  occurrence  of  similar  lesions 
in  the  central  nervous  system  (23,40)  (see  below). 

The  original  suggestion  of  Orlandi  (33),  that  the 
process  is  malformative  in  nature  and  results 
from  the  entrapment  of  muscle  into  the  sub- 
stance of  developing  nerve,  is  indirectly  sup- 
ported by  the  report  of  a lipoma-associated  ex- 
ample in  the  lumbar  dural  sac  (23).  Lipomas  at 
this  site  are  considered  malformations  and  often, 
in  addition  to  nerve,  contain  other  mesenchymal 
elements  including  skeletal  muscle.  An  alterna- 
tive suggestion  that  neuromuscular  choristomas 
represent  hamartomas  of  muscle  spindles  is  in- 
viting (29),  but  the  often  strap-shaped  myocytes 
with  subplasmalemmal  nuclei  that  comprise  neu- 
romuscular choristoma  resemble  normal,  ordinary 
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Figure  6-4 

LIPOFIBROMATOUS  HAMARTOMA 
Note  expansion  of  the  epineurium  of  two  nerve  branches 
by  adipose  tissue  (A).  Another  example  shows  secondary, 
chronic  changes  in  the  nerve  including  microfasciculation 
(B).  Longstanding  involvement  is  also  associated  with 
pseudo-onion  bulb  formation  (B,C),  collagen  deposition  (D), 
and  severe  axonal  loss  (E,  Bielschowski  stain).  (C-E:  Cour- 
tesy of  Dr.  D.  Horoupian,  Stanford,  CA.) 
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Figure  6-5 

ADIPOSE  LESIONS  AFFECTING  NERVE 
Four  major  forms  of  lipomatous  lesions  occur  in  the  fore- 
arm and  hand.  Soft  tissue  lipoma  compresses  the  median 
nerve,  with  no  intrinsic  abnormality  of  the  nerve  (upper  left). 
Intraneural  lipoma  of  the  median  nerve,  a discrete  and  benign 
neoplasm,  arises  from  adipose  tissue  within  the  epineurium 
and  splays  the  median  nerve  fascicles  (upper  right).  Acleavage 
plane  permits  separation  of  the  fascicles  from  the  lipoma. 
Lipofibromatous  hamartoma  with  diffuse  inter-  and  peri- 
fascicular  infiltration  by  fibrofatty  tissue,  without  a defined 
plane  of  cleavage  between  the  lesion  and  nerve  fascicles  (lower 
left).  Lipofibromatous  hamartoma,  macrodystrophia  lipo- 
matosa  variant,  with  marked  enlargement  of  a digit  due  to 
fatty  infiltration  of  the  epineurium  and  its  surroundings,  as 
well  as  hypertrophy  of  skin,  subcutaneous  tissue,  and  bone 
(lower  right).  (Fig.  4 from  Guthikonda  M.  Rengachary  SS, 
Balko  MG,  van  Loveren  H.  Lipofibromatous  hamartoma  of 
the  median  nerve:  case  report  with  magnetic  resonance 
imaging  correlation.  Neurosurgery  1994;35:127-32.) 

striated  muscle  cells  rather  than  the  bag  and 
chain  fibers  of  muscle  spindles.  Furthermore, 
although  a capsule  composed  of  perineurial-like 
cells  surrounds  normal  muscle  spindles,  choris- 
tomas  lack  a perineurial  ensheathment  (31). 
Lastly,  Masson’s  (30)  suggestion  that  neuroecto- 
derm is  capable  of  mesenchymal  differentiation, 
hence  the  term  “ectomesenchyme,”  may  be  rele- 
vant to  the  genesis  of  this  lesion.  Normal  examples 


of  such  differentiation  in  the  human  include  the 
development  of  iris  muscles  from  the  eye  cup  (32); 
the  formation  of  cranial  bones,  soft  tissue,  and  a 
portion  of  the  leptomeninges  from  neuroectoderm 
(37);  and  the  occurrence  of  skeletal  muscle 
“heterotopias”  within  the  leptomeninges  (15)  or 
within  normal  nerve  in  the  larynx  (39).  The  same 
mechanism  has  been  used  to  explain  the  occur- 
rence of  skeletal  muscle  in  a spinal  nerve  of  a frog 
(16).  The  ectomesenchyme  concept  has  also  been 
invoked  to  explain  the  occurrence  of  skeletal  mus- 
cle components  in  benign  ( 19 ) and  malignant  nerve 
sheath  tumors  (25,38).  Which  of  these  mecha- 
nisms, if  any,  underlies  the  development  of  neu- 
romuscular choristoma  remains  unresolved. 

Clinical  Features.  Neuromuscular  choris- 
toma is  a rare  lesion.  Since  its  first  description  as 
an  incidental  autopsy  finding  in  an  adult  (33),  14 
bona  fide  clinical  cases  have  been  reported  ( 18,20, 
21,23,24,26,28,29,31,36,40).  The  majority  present 
in  early  childhood,  some  being  congenital,  or  in 
adolescence.  No  sex  predilection  has  been  noted. 
Most  patients  with  neuromuscular  choristomas 
present  with  neurologic  signs,  but  in  some  cases 
symptoms  are  simply  a reflection  of  the  mass 
effects.  Lesion  location  and  size  determine  clinical 
manifestations,  which  include  sensorimotor  defi- 
cits and  muscle  atrophy.  Whereas  neuromuscular 
choristomas  typically  affect  major  nerve  trunks, 
exceptional  lesions  affect  smaller  nerves,  such  as 
of  the  chest  wall  (21)  or  cranial  nerves  (40).  Only 
a minority  are  multiple  (21,33).  Accompanying 
malformations  have  been  reported,  including 
skeletal  abnormalities  (33)  and  an  intimately  as- 
sociated spinal  intradural  lipoma  (23).  No  associa- 
tion with  heritable  disorders  has  been  noted. 

Gross  Findings.  Neuromuscular  choristomas 
form  nodular,  firm,  gray-brown  masses.  More 
often  single  than  multiple,  they  lie  within  or  are 
loosely  attached  to  a major  nerve  which  is  usu- 
ally seen  to  enter  and  exit  the  demarcated  or 
encapsulated  mass.  Nerve  branches  meander 
among  entangled  muscle  bundles.  On  cut  sur- 
face, the  neuromuscular  nodules  are  often  sepa- 
rated by  fibrous  bands  of  vaiying  thickness. 

Microscopic  Findings.  Neuromuscular 
choristomas  consist  of  a disordered  proliferation  of 
skeletal  muscle  and  peripheral  nerve  tissue.  The 
skeletal  muscle  fibers  are  well  differentiated,  vary 
in  size,  and  are  haphazardly  distributed  among 
variably  myelinated  nerves  (fig.  6-6).  Careful 
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Figure  6-6 

NEUROMUSCULAR  CHORISTOMA 

A low-power  view  of  one  published  example  (17)  shows  separation  of  smoothly  contoured  nodules  of  skeletal  muscle  by 
varying  sized  bundles  (A).  The  intimate  relationship  between  muscle  fibers  and  nerve  tissue  (A,  upper  right;  B)  is  also  evident 
on  Bodian  stain  for  axons  which  clearly  shows  skeletal  muscle  fibers  lying  among  nerve  fibers  (C).  In  yet  another  published 
example  (D),  a trichrome  stain  shows  connective  tissue  septa  outlining  neuromuscular  bundles  (7). 
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Figure  6-7 

LIPOMA  OF  EIGHTH  CRANIAL  NERVE 

Lipomas  of  the  central  nervous  system,  such  as  affect  the  cerebellopontine  angle  and  cauda  equina  region,  may  feature 
skeletal  muscle  components.  This  example  (left)  involving  the  eighth  nerve  entrapped  nerve  fascicles  and  contains  bundles  of 
myocytes.  The  latter  are  well  seen  on  immunostain  for  desmin  (right). 


scrutiny  typically  shows  the  myocytes  to  reside 
not  only  between  fascicles  but  among  nerve  fi- 
bers (fig.  6-6).  Despite  their  disarray,  the  muscle 
fibers  resemble  normal  skeletal  muscle  cells, 
being  strap-shaped  and  multinucleate  with  sub- 
plasmalemmal  nuclei  and  cross  striations.  One 
unusual  example  featured  both  skeletal  and 
smooth  muscle  (36).  The  relative  proportion  of 
nerve  and  muscle  varies,  but  myocytes  usually 
predominate,  particularly  at  the  center  of  the 
nodules.  Nerve  fibers  are  readily  apparent  with 
silver  impregnation  stains  for  axons,  such  as 
Bielschowsky  or  Bodian  preparations  (fig.  6-6C), 
whereas  myelin  may  or  may  not  be  present. 
Stroma  takes  the  form  of  connective  tissue  septa 
separating  nodules  of  neuromuscular  tissue  (fig. 
6-6D).  Cytologic  atypia  is  lacking,  as  are  mitoses. 

Immunohistochemical  Findings.  Not  sur- 
prisingly, the  neural  component  of  neuromuscu- 


lar hamartoma  shows  neurofilament  protein 
staining  of  axons  whereas  S-100  protein  reactiv- 
ity is  seen  in  accompanying  Schwann  cells.  The 
presence  or  absence  of  a perineurial  cell  element 
has  not  been  adequately  studied  by  EMA  stain 
(31).  The  muscular  component  of  the  tumor  is 
reactive  for  all  markers  of  striated  muscle  in- 
cluding desmin,  HHF-35,  sarcomeric  actin, 
myogenin,  and  myoglobin. 

Ultrastructural  Findings.  To  date,  only  a 
single  brief  ultrastructural  description  of  an  un- 
usual, smooth  muscle-containing  neuromuscu- 
lar choristoma  has  been  published  (36). 

Differential  Diagnosis.  The  term  “benign 
Triton  tumor”  has  been  inappropriately  applied 
to  neuromuscular  choristoma  (18,29),  a non-neo- 
plastic lesion.  Nonetheless,  peripheral  nerve 
sheath  tumors  with  myogenic  differentiation  do 
enter  into  the  differential,  as  does  rhabdomyoma. 
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Figure  6-8 

NEUROMUSCULAR  CHORISTOMA  OF  8TH  NERVE  AND  GANGLION 
; he  circumscribed,  delicately  encapsulated  lesion  consists  primarily  of  smooth  muscle  intimately  associated  with  Schwann 
cells  and  axon  bundles  as  well  as  ganglion  cells  (A).  A very  minor  adipose  element  was  also  noted  (B).  The  components  of  the 
lesion  are  highlighted  on  stains  for  smooth  muscle  actin  (C),  S-100  protein  (D),  Luxol-fast  blue  for  myelin  (E),  and  neurofilament 
protein  (F).  Given  the  presence  of  a minor  adipose  component,  the  relation  of  this  lesion  to  lipoma  of  eighth  nerve  is  unclear. 
(Courtesy  of  Dr.  Renate  Kalnins,  Heidelberg,  Victoria,  Australia.) 
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Neuromuscular  choristomas  differ  from  neuro- 
fibroma with  a rhabdomyomatous  component,  the 
only  form  of  benign  Triton  tumor  reported  to  date 
(19).  Unlike  neurofibromas,  choristomas  are  not 
patternless  and  lack  a loose  textured,  mucinous 
stroma.  Instead,  choristomas  grossly  and  at  low 
power  microscopy  exhibit  nodularity  and  contain 
abundant  nerve  fibers  accompanying  groups  of 
mature  skeletal  muscle  fibers.  Choristomas  differ 
markedly  from  malignant  Triton  tumor,  a lesion 
often  associated  with  neurofibromatosis  type  1 
(NF1),  in  that  the  striated  muscle  elements  of 
choristomas  are  truly  abundant,  cytologically 
benign,  and  unassociated  with  a neoplastic  pro- 
liferation of  nerve  sheath  cells. 

The  high  concentration  of  muscle  cells  at  the 
center  of  choristoma  nodules  may  also  simulate 
rhabdomyoma.  An  example  is  the  case  of  Zwick 
et  al.  (40)  in  which  a sparing  removal  of  the 
choristoma  from  within  the  trigeminal  nerve 
revealed  primarily  skeletal  muscle  and  only  oc- 
casional nerve  fibers.  It  could  be  argued  that  it, 
like  the  case  of  Gersdorff  et  al.  (26),  simply  repre- 
sents rhabdomyoma,  but  the  variable  association 
with  nerve  argues  otherwise,  as  does  the  occur- 
rence of  similar  lesions  consisting  in  small  part 
of  adipose  tissue  (35). 


The  occurrence  of  muscle-containing  lipoma- 
tous  lesions  enveloping  or  disrupting  cranial 
nerve  roots  and  ganglia  (17)  causes  confusion  of 
neuromuscular  choristoma  with  so-called  “ cra- 
nial nerve  lipoma”  (see  fig.  10-6)  (22,27,34). 
Many  such  lesions  contain  skeletal  muscle  (fig. 
6-7),  but  we  have  observed  one  8th  nerve  tumor 
composed  primarily  of  smooth  muscle  with  only 
scant  adipose  tissue  (fig.  6-8). 

As  reported  in  three  cases  (20,31,31),  a deep- 
seated  fibromatosis  (desmoid  tumor)  may  over- 
shadow or  postoperatively  follow  upon  the  neuro- 
muscular choristoma.  Thus  thorough  sampling  is 
important  in  order  to  establish  a correct  diagnosis. 

Treatment  and  Prognosis.  Neuromuscular 
choristomas  are  benign.  Although  resection  is  cu- 
rative, biopsy  or  incomplete  excision  is  occasion- 
ally accompanied  by  spontaneous  regression  (28). 
Treatment  should,  therefore,  be  conservative  and 
focused  upon  preservation  of  nerve  function. 

In  three  instances,  two  nondiagnostic  biopsies 
(20,21)  and  one  gross  total  resection  (31),  the 
procedure  was  followed  by  the  development  of 
postoperative  fibromatosis.  In  each  case,  recur- 
rence of  the  fibromatosis  necessitated  an  ampu- 
tation which  resulted  in  cure. 
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SCHWANNOMA 


The  classification  of  peripheral  nerve  sheath 
tumors  (PNSTs),  of  which  schwannoma  and  neu- 
rofibroma are  the  most  frequent,  is  based  upon 
which  normal  nerve  sheath  cell(s)  the  neoplastic 
cells  resemble.  Currently,  the  most  precise  deter- 
mination of  a tumor’s  cell  type  is  established  by 
its  immunohistochemical  profile,  ultrastructural 
features,  or  both.  A tumor  composed  of  cells  with 
distinctly  schwannian  characteristics  is  desig- 
nated schwannoma.  Neurofibroma,  the  other 
major  form  of  benign  PNST,  is  less  well  charac- 
terized in  terms  of  its  cellular  makeup.  Numer- 
ous clinicopathologic  differences  exist  between 
schwannoma  and  neurofibroma  (Table  7-1). 

There  are  four  major  forms  of  schwannoma: 
conventional,  cellular,  plexiform,  and  melanotic. 
To  varying  extents,  these  differ  in  clinical  and 
pathologic  terms. 


CONVENTIONAL  SCHWANNOMA 

Definition.  This  benign,  usually  encapsu- 
lated, nonmelanotic  nerve  sheath  tumor  is  com- 
posed entirely  of  cells  with  the  immunophenotype 
and  ultrastructural  features  of  Schwann  cells. 
Synonyms  include  neurilemoma  and  neurinoma. 

General  Comments.  For  several  reasons  the 
schwannoma  is  the  prototypic  PNST.  In  ultra- 
structural  and  immunohistochemical  terms  it  is 
the  best  defined  of  such  tumors,  with  cells  having 
the  features  of  differentiated  Schwann  cells.  In 
the  overall  spectrum  of  PNSTs,  schwannomas 
have  a limited  capacity  to  undergo  divergent, 
usually  limited  mesenchymal  differentiation.  An 
appreciation  of  the  morphologic  variability  and 
clinical  behavior  of  schwannoma  and  its  variants 
is  basic  to  an  understanding  of  other  PNSTs. 


Table  7-1 

CLINICOPATHOLOGIC  DISTINCTION  OF  SCHWANNOMA  AND  NEUROFIBROMA 


Schwannoma 

Neurofibroma* 

Non-NFl-associated/occasional  NF2-associated 

NFl-assoeiated/non-NF2-associated 

Frequently  affects  extremities 

Frequently  involves  the  trunk 

Usually  solitary 

Frequently  solitary 

Nerve  often  identified 

Nerve  infrequently  identified 

Eccentric  to  nerve 

Incorporates  nerve 

Globular 

Globular,  fusiform,  or  diffuse 

Encapsulated 

Delicately  surrounded  by  perineurium  and  epineurium  (solitary 
and  plexiform  neuro fibroma);  no  capsule  (diffuse  neurofibroma) 

Nonmucoid,  soft  to  firm 

Mucoid  and  firm 

Tan  to  yellow,  opaque 

Gray-tan,  opalescent 

Occasionally  cystic 

Noncystic 

High  cellularity 

Low  to  moderate  cellularity 

Biphasic  Antoni  A and  B patterns 

Uniphasic  pattern  with  gradual  changes  in  cellularity 

Scant  or  no  stromal  mucin 

Mucin-rich  matrix 

Axons  often  absent 

Axons  often  present 

Palisading  and  Verocay  bodies 

Wagner-Meissner  or  rarely  Pacinian-like  corpuscles;  no  palisading 

Composed  of  Schwann  cells 

Composed  of  Schwann  cells,  perineurial-like  cells, 
fibroblasts,  and  transitional  cells 

Mast  cells  infrequent 

Mast  cells  frequent 

Malignant  transformation  extremely  rare 

Malignant  transformation  rare  ( 2 percent  of  patients 
with  NF1) 

*Exclusive  of  plexiform  neurofibroma. 
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It  was  Verocay  (93)  who  first  successfully  pop- 
ularized the  notion  that  nerve  sheath  tumors  are 
neuroectodermal  rather  than  mesenchymal  in 
nature.  The  terms  neurinoma  (94)  and  neu- 
rilemoma (meaning  nerve  sheath  tumor)  are  leg- 
acies of  the  period  when  there  was  uncertainty  as 
to  the  cellular  makeup  of  this  tumor.  Stout  (88) 
coined  the  term  neurilemoma,  basing  it  on  the 
Greek  word  “eilema,”  a closely  applied  sheath  or 
covering  (87).  A mistaken  belief  by  some  that  the 
base  word  was  “lemma,”  a loosely  applied  sheath 
or  bark,  led  to  a frequently  used,  alternative 
spelling  for  this  tumor  (neurilemmoma).  Given 
the  cellular  composition  of  this  tumor,  the  term 
schwannoma  is  now  preferred  (43). 

Predisposing  Factors.  The  etiology  of 
schwannomas  is  poorly  understood,  but  is 
thought  in  part  to  be  related  to  alteration  or  loss 
of  the  neurofibromatosis  type  2 (NF2)  gene  prod- 
uct of  chromosome  22  (also  designated  Merlin), 
a presumed  tumor  suppressor  gene  (76). 

Neurofibromatosis,  Type  2.  Most  schwan- 
nomas are  unassociated  with  a syndrome.  Al- 
though rare  examples  are  associated  with  NF1, 
by  far  the  strongest  association  is  with  NF2. 
Tumors  occurring  in  the  latter  setting  usually 
affect  cranial  or  spinal  nerve  roots.  More  periph- 
erally situated  nerve  and  dermal  lesions  are 
infrequent.  The  occasional  schwannoma  occur- 
ring in  the  setting  of  NF1  is  typically  solitary.  In 
contrast,  a high  proportion  of  NF2-associated 
schwannomas  are  multiple  (48),  particularly 
those  affecting  vestibular  or  spinal  nerves  roots; 
so-called  acoustic  tumors  actually  arise  from  the 
vestibular  nerve.  Whether  sporadic  or  occurring 
in  the  setting  of  NF2,  a majority  of  schwannomas 
show  aberrations  of  chromosome  22  (49,79).  This 
takes  the  form  of  partial  or  complete  monosomy 
of  the  chromosome  (5,6,15)  and  NF2  gene 
(22ql2)  mutations  (56,74).  Examples  in  which 
there  was  a loss  of  one  allele  and  inactivation  of 
the  second  have  also  been  reported  ( 6).  In  a study 
of  30  vestibular  schwannomas,  Sainz  et  al.  (76) 
identified  18  mutations  of  the  NF2  protein,  most 
of  which  were  predicted  to  result  in  a truncated 
N F2  protein;  7 cases  demonstrated  loss  or  muta- 
of  both  NF2  alleles.  An  immunohistochemical 
s udy  in  all  tumors  using  NF2  protein  antibody 
revealed  absence  of  staining  in  schwannoma  cells, 
suggesting  that  loss  of  NF2  protein  function  is  a 
necessary  step  in  schwannoma  formation. 


Schwannomatosis.  The  precise  nature  of  the 
association  of  multiple  schwannomas  with  NF2  is 
becoming  clearer.  In  early  reports  of  patients  with 
multiple  schwannomas,  the  tumors  often  involved 
both  the  peripheral  and  central  nervous  systems, 
and  included  bilateral  vestibular  schwannomas 
(80).  Nonetheless,  meningiomas  and  glial  tumors 
were  far  less  common  in  these  cases  than  in  NF2. 
Despite  the  occasional  occurrence  of  symptoms 
referable  to  8th  nerve  dysfunction  and/or  other 
findings  associated  with  NF2,  Shishiba  et  al.  (80) 
proposed  the  term  “neurilemomatosis”  to  denote 
this  situation  and  suggested  the  disorder  was  a 
distinct  entity.  In  contrast,  subsequent  publica- 
tions describing  similar  cases  (70-72),  suggested 
that  schwannomatosis  (neurilemomatosis)  is 
simply  a variant  of  NF2  (71).  Although  NF2  is  an 
autosomal  dominant  disorder  with  full  pene- 
trance, very  few  familial  cases  of  schwannomato- 
sis have  been  reported. 

Recent  publications  use  a more  restricted  def- 
inition of  schwannomatosis  as  multiple,  histolog- 
ically proven  schwannomas  without  the  vestibu- 
lar tumors  diagnostic  of  NF2  (58, 64a, 72a).  In  one 
series  (58),  the  tumors  were  entirely  subcutane- 
ous, 90  percent  being  typical  encapsulated 
schwannomas  and  10  percent  plexiform  tumors.  In 
a more  recent,  updated  series  (72a),  the  tumors 
occurred  at  a variety  of  sites  including  the  neck, 
trunk,  and  extremities.  Visceral  lesions  were  infre- 
quent. All  patients  were  adults;  no  sex  predilection 
was  apparent.  The  tumors  were  typical  schwan- 
nomas, one  being  plexiform.  To  date,  no  examples 
have  undergone  malignant  transformation.  Mo- 
lecular genetic  studies  of  these  cases  suggest 
that  they  represent  a third  form  of  neurofibro- 
matosis, one  in  which  patients  are  prone  to  so- 
matic alterations  of  the  NF2  gene  rather  than 
having  germline  mutations  (18,58). 

Postirradiation  Sch  wannoma.  Aside  from  ge- 
netic factors  predisposing  to  the  development  of 
schwannomas,  irradiation  has  also  been  impli- 
cated (75,81,92).  Over  150  cases  of  radiation-in- 
duced intracranial  and  peripheral  schwannomas 
have  been  reported,  their  mean  latency  period 
being  approximately  20  years  (75).  Only  a small 
minority  were  multiple. 

Schwannoma  Variants.  The  clinical  and  mor- 
phologic spectrum  of  schwannomas  is  broad.  With 
the  exception  of  very  rare  malignant  examples, 
schwannomas  are  benign.  Their  morphologic 
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similarity,  both  within  and  outside  the  setting  of 
neurofibromatosis,  permits  their  consideration  as 
an  entity,  with  only  minor  variations.  Thus,  con- 
ventional schwannoma  forms  the  substance  of 
much  of  this  chapter 

The  cellular  schwannoma  deserves  separate 
mention  in  as  much  as  it  mimics  MPNST  ( 119— 
121)  and,  if  subtotally  excised,  shows  a higher 
likelihood  of  recurrence  than  does  conventional 
schwannoma  (102).  Cellular  schwannomas  are 
discussed  in  detail  below. 

Whereas  most  schwannomas  are  globular, 
uninodular  masses,  a small  minority,  usually  der- 
mal tumors,  show  a multinodular  or  plexiform 
growth  pattern  (see  below).  Unlike  plexiform 
neurofibroma,  such  tumors  are  unassociated 
with  neurofibromatosis  (32,46,75,99).  Plexiform 
schwannomas  are  separately  discussed  below. 

A special  form  of  inherited  schwannoma,  the 
psammomatous  melanotic  variant,  occurs  in  the 
setting  of  Carney’s  complex  (9).  This  rare  disor- 
der is  discussed  in  detail  in  a later  part  of  this 
chapter. 

Clinical  Features.  Schwannomas  occur  in 
individuals  of  all  ages,  but  show  a peak  incidence 
between  the  third  and  sixth  decades.  No  sex 
predilection  is  evident,  although  females  are 
twice  as  often  affected  by  central  nervous  system 
schwannomas,  while  radiation-induced  exam- 
ples most  often  occur  in  males  (75). 

The  most  common  sites  of  occurrence  of  pe- 
ripheral nerve  schwannomas  are  the  head  and 
neck  region  and  the  flexor  surfaces  of  the  extrem- 
ities. Of  tumors  involving  sizable  nerves,  sensory 
cranial  and  spinal  nerve  roots  are  particularly 
affected;  motor  roots  (11,77)  and  sympathetic 
nerves  are  uncommonly  involved.  Outside  the 
setting  of  NF2,  most  schwannomas  are  solitary. 
As  a rule,  they  grow  slowly  over  a period  of  years. 
Their  size  varies  from  microscopic  (fig.  7-lA,B), 
through  barely  palpable  tumors  (fig.  7- 1C),  to 
larger  lesions  which  on  physical  examination  are 
mobile  (figs.  7-2,  7-3A,B).  As  is  true  of  nerve 
sheath  tumors  in  general,  schwannomas  resist 
movement  along  the  longitudinal  axis  of  their 
parent  nerve.  They  rarely  present  as  primary 
bone  tumors  (22). 

Patients  with  schwannomas  are  often  asympto- 
matic but  may  present  with  pain,  particularly  in 
the  setting  of  schwannomatosis.  Cutaneous 
schwannomas  are  typically  small,  grossly  unasso- 


ciated with  a nerve,  and  rare.  Mediastinal,  retro- 
peritoneal, and  sacral  examples  are  well  known 
for  their  large  size  (figs.  7-3C,  7-4)  and  usually 
come  to  attention  due  simply  to  mass  effects. 
Paraspinous  tumors  usually  present  with  sen- 
sory disturbance,  whereas  those  with  a signifi- 
cant intraspinal  component  may  compress  the  spi- 
nal cord  to  produce  motor  signs  (figs.  7-4A,  7-5B,C ). 

Radiographic  Findings.  On  routine  X ray, 
schwannomas  generally  appear  as  sharply  cir- 
cumscribed masses  ( figs.  7-3C,  7-5A).  Computer- 
ized tomography  ( CT ) scans  show  circumscribed, 
low  attenuation  masses  (fig.  7-50  which  demon- 
strate uniform  or  heterogeneous  contrast  enhance- 
ment. Magnetic  resonance  imaging  ( MRI ) shows  a 
high  T2  signal,  as  well  as  heterogeneous  contrast 
enhancement  (fig.  7-6).  A recent  correlative  MRI 
and  histopathologic  study  found  that  imaging 
characteristics  are  related  not  only  to  relative 
proportions  of  Antoni  A and  B tissue,  but  to  super- 
imposed degenerative  changes  (7a).  Both  CT  and 
MRI  show  that  large  tumors  often  have  cystic 
changes  (fig.  7-4B,C).  If  in  the  vicinity  of  bone  (fig. 
7-5A)  or  arising  within  bony  confines  such  as  the 
spinal  canal  (fig.  7-5B,C)  or  the  sacral  canal  (fig. 
7-4B,C ),  the  tumor  causes  compressive  remodeling 
and  occasional  destruction  of  bone.  Respective  ex- 
amples include  intraspinal  schwannomas  which 
often  straddle  and  expand  a spinal  foramen  to 
assume  a dumbbell  shape  (figs.  7-4A,  7-5B,C), 
and  so-called  giant  sacral  schwannoma  (fig.  7- 
4B,C)  (1).  In  contrast,  active,  irregular  invasion 
of  bone  is  a feature  of  malignancy  seen  in  asso- 
ciation with  malignant  PNST  (see  fig.  11-8). 

Geographic  Considerations.  Schwanno- 
mas can  be  conveniently  subdivided  according  to 
location  into  intracranial,  intraspinal,  periph- 
eral, and  visceral  tumors. 

Intracranial  schwannomas  arise  from  nerve 
roots  distal  to  their  transition  zone,  a region  in 
which  central  portions  of  a nerve  root  become 
peripheral  nerve,  and  are  associated  with  a change 
of  myelination  by  oligodendrocytes  to  Schwann 
cells  (8).  Sensory  nerves  are  far  more  often  in- 
volved than  are  motor  nerves.  When  arising  in 
the  8th  nerve,  the  vestibular  portion  of  that  nerve 
is  most  often  affected.  Such  lesions  typically  ex- 
pand the  internal  auditory  meatus,  but  only 
rarely  destroy  bone  focally.  Particularly  large 
examples  frequently  compress  the  brain  stem 
and  cerebellum,  as  well  as  a peduncle.  Similarly, 
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Figure  7-1 
SCHWANNOMA 

This  illustration  shows  the  essential  fea- 
tures of  schwannoma,  a solid  lesion  here  shown 
arising  within  a nerve  consisting  of  a single 
fascicle  (A).  The  tumor  peripherally  displaces 
nerve  fibers  to  produce  a globoid  eccentric  mass. 
In  their  early  intrafascicular  growth  phase, 
minute  schwannomas  displace  nerve  fibers  (B) 
and  lack  a capsule.  Somewhat  larger  tumors 
only  minimally  enlarge  the  parent  nerve  (C) 
and  become  separated  from  surrounding  fasci- 
cles by  a capsule  derived  from  the  perineurium 
and  epineurium.  (C:  Fig.  3.423  from  Okazaki  H, 
Scheithauer  BW.  Atlas  of  neuropathology,  1988. 
With  permission  from  the  Mayo  Foundation.) 


large  schwannomas  arising  from  the  trigeminal 
nerve  often  extend  into  the  middle  cranial  fossa. 
Involvement  of  motor  or  other  cranial  nerves,  such 
as  the  9th  and  10th,  is  more  likely  to  occur  in  the 
setting  of  neurofibromatosis.  Multiple  schwan- 
nomas are  uncommon;  many  are  seen  in  NF2  (see 
figs.  13-24,  13-25).  Bilateral  vestibular  schwan- 
rnas  are  diagnostic  of  NF2  (fig.  7-24)  and  often 
in  association  with  gliomas  and  menin- 
giomas; gross  and  microscopic  multinodularity  is 
a common  feature  of  such  schwannomas.  On  rare 
occasion,  an  intracranial  schwannoma  may  arise 
within  the  sella  (36)  or  the  cavernous  sinus  (47). 


Decidedly  uncommon  are  parenchymal 
schwannomas  arising  in  the  substance  of  the 
brain  or  within  the  ventricular  system  (10,86). 
Such  lesions  presumably  arise  from  nerves  in- 
nervating the  meninges  or  from  Schwann  cell 
ectopias.  Parenchymal  schwannomas  occur  primar- 
ily in  males.  Since  both  conventional  and  cellular 
schwannomas  arise  at  intracranial  sites,  the  finding 
of  increased  cellularity  and  occasional  mitoses 
should  not  prompt  a diagnosis  of  malignancy. 

Intraspinal  schwannomas  far  more  often  arise 
from  sensory  than  from  motor  nerve  roots.  Whether 
intradural,  extradural,  or  both,  intraspinal 
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schwannomas  occur  at  any  level.  Sporadic  tu- 
mors are  most  often  lumbar  in  location,  whereas 
those  occurring  in  NF2  show  a predilection  for 
cervicothoracic  roots  (42).  Most  solitary  exam- 
ples are  sporadic.  When  multiple,  consideration 
should  be  given  to  NF2  ( 42 ).  Spinal  schwannomas 
with  intradural  and  extradural  components 
(“dumbbell  tumors”)  usually  arise  in  the  cervico- 
thoracic region  (figs.  7-4A,  7-5B,C).  Cauda  equina 
lesions  are  often  sausage-shaped,  lie  distal  to  the 
conus  medullaris,  and  displace  surrounding  nerve 
roots  (fig.  7-8F,G).  Schwannomas  arising  within 
the  spinal  cord  are  rare  (73). 

Peripheral  schwannomas  affect  nerves  of  all 
sizes  and  frequently  present  on  the  flexor  sur- 
faces of  the  extremities  (fig.  7-2B,C)  at  the  level 
of  the  elbow,  wrist,  or  knee,  or  arise  in  nerve  roots 
in  the  posterior  mediastinum,  retroperitoneum, 
or  sacrum  (figs.  7-3C,  7-4B,C).  Of  nerve  root 
examples,  at  least  half  partly  extend  into  an 
intervertebral  foramen.  Unlike  neurofibromas, 
peripheral  or  soft  tissue  schwannomas  infre- 
quently affect  superficial  nerves  of  the  trunk. 
Unusual  sites  of  peripheral  nerve  involvement 


Figure  7-2 
SCHWANNOMA 

Due  to  their  encapsulation  and  eccentric  growth  (A), 
sizable  schwannomas  lend  themselves  to  gross  total  resec- 
tion (B)  with  sparing  of  the  parent  nerve  (C). 


include  the  tongue,  palate,  and  larynx.  As  pre- 
viously noted,  intraosseous  schwannomas  are 
rare  (22).  Most  affect  either  the  mandible,  where 
they  arise  in  the  dental  foramen  (85)  or,  less 
frequently,  a vertebral  body  (69). 

Visceral  schwannomas  are  rare.  Those  we 
have  seen  were  unassociated  with  neurofibro- 
matosis. Most  reported  examples  have  arisen  in 
the  gastrointestinal  tract,  nearly  all  in  the  stom- 
ach (fig.  7-7A)  (16,60,78).  The  majority  are  inci- 
dental findings,  although  on  occasion  patients 
present  with  pain  or  hemorrhage  due  to  mucosal 
ulceration.  Visceral  schwannomas  may  be 
pigmented  (see  Melanotic  Schwannoma). 
Schwannomas  only  rarely  occur  in  other  organs, 
such  as  the  heart  (28),  lung  (83),  or  kidney  (fig. 
7-7B,C).  Visceral  tumors,  although  demarcated, 
often  lack  a well-formed  capsule  (fig.  7-7). 

Gross  Findings.  Most  schwannomas  are 
nodular  and  smooth  surfaced,  and  measure  less 
than  10  cm  in  diameter.  The  majority  affect 
small  nerves.  The  fibrocollagenous  capsule  evi- 
dent in  most  tumors,  whether  thick,  thin,  or  focally 
discontinuous,  is  derived  from  perineurium  and 
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Figure  7-3 
SCHWANNOMA 
The  majority  of  schwannomas 
are  grossly  recognizable.  Most  are 
solid,  globular  masses,  with  the  par- 
ent nerve  embedded  within  their  fi- 
brous capsule  (A,B).  Large  tumors 
such  as  those  that  arise  in  the  medias- 
tinum (C),  retroperitoneum,  pelvis,  or 
sacrum  dwarf  the  parent  nerve . ( C : Fig. 
3.426  from  Okazaki  H,  Scheithauer 
BW.  Atlas  of  neuropathology.  New 
York:  JB  Lippincott,  1988:186.) 


epineurial  tissue.  Schwannomas  of  the  central  ner- 
vous system  and  those  arising  in  viscera  or  at 
mucosal  sites,  such  as  the  nose  and  nasopharynx 
(44),  often  lack  a capsule  (fig.  7-7).  Although  early, 
small  lesions  are  clearly  intraneural  (fig.  7-1) 
and  may  produce  focal  nerve  enlargement,  al- 
most all  schwannomas  are  globular  and  he  ec- 
centric to  the  parent  nerve,  thus  causing  it  to  be 
splayed  over  the  tumor  or  to  be  incorporated  into 
its  capsule  (figs.  7-2A,  7-3A,B).  Understandably, 
the  parent  nerve  is  more  often  evident  in  tumors 
that  arise  in  large  nerves  (17).  The  largest 
schwannomas  are  usually  found  in  the  medias- 
im  (fig.  7-30,  retroperitoneum,  or  pelvis  (fig. 
c,C).  The  gross  appearance  of  schwannoma 
is  quite  variable  (figs.  7-8-7-10).  Occasional  cu- 
taneous or  extracutaneous  examples  may  ap- 
pear plexiform  (fig.  7-8C)  or  multinodular  (fig. 
7-8D).  Multinodularity  is  particularly  common 


in  bilateral,  NF2-associated  8th  nerve  tumors. 
Less  common  are  widely  separated  tumors  on  a 
single  nerve  (fig.  7-8E).  The  same  is  true  of  thin 
walled,  entirely  cystic  schwannomas  (fig.  7-8G). 

The  cut  surface  of  conventional  schwannomas 
is  often  smooth  or  somewhat  lobulated,  and  tan 
(fig.  7-9A)  or  patchy  yellow  (fig.  7-9B)due  to  lipid 
accumulation  (figs.  7-3B,C,  7-9B-D).  Ill-defined, 
poorly  formed  fibrous  septa  may  appear  to  sepa- 
rate tumor  lobules  in  large  examples  (figs.  7-3C, 
7-5B,  7-9D).  Sizable  tumors  frequently  show  de- 
generative features,  including  marked  lipidiza- 
tion  (fig.  7-9D,E),  cystic  change  (figs.  7-8G,  7- 
9D,E,  7-10B),  hemorrhage  (fig.  7-10A,B),  and 
calcification  (fig.  7-9F).  Hemorrhage  may  occa- 
sionally be  extensive  and  followed  by  cystic 
change  (fig.  7-10B)  (37).  We  have  seen  large, 
symptomatic  schwannomas  of  the  retroperi- 
toneum, pelvis,  and  lower  extremity  presenting 
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Figure  7-4 

SCHWANNOMA  OF  NERVE  ROOT, 

BONE  DESTRUCTION 

This  axial  CT  study  of  a “dumbbell  tumor”  shows  both  bone 
remodeling  and  destruction,  as  well  as  massive  paraspinous 
extension  (A).  A giant  sacral  schwannoma,  here  seen  on  sagit- 
tal Tl-  and  T2-weighted  images  (B,C),  expands  the  sacral 
canal,  displaces  and  in  part  destroys  the  sacrum,  and  emerges 
in  the  presacral  space  via  intervertebral  foramina.  Note  the 
central  cystic  change  (bright  signal  on  T2  image)  (C). 


as  cystic,  thin-walled,  hemorrhagic  masses.  In 
one  such  case  the  presence  of  a few,  minute 
fragments  of  Antoni  A tissue  was  the  only  clue  to 
the  diagnosis.  These  tumors,  when  subject  to 
needle  aspiration,  pose  a diagnostic  challenge 
(fig.  7-10C,D).  The  effects  of  schwannoma  upon 
nearby  or  surrounding  bone  has  been  discussed 
(figs.  7-4,  7-5). 

Microscopic  Findings.  A common  feature  of 
adequately  sampled  schwannoma  is  a well- 
formed  fibrous  capsule  (fig.  7-llA,B).  Properly 
oriented  sections  show  it  to  contain  the  displaced 


parent  nerve  (fig.  7-11C).  In  intradural  tumors  a 
capsule  may  be  lacking  (fig.  7-1  ID).  Occasional 
schwannomas  incorporate  a nearby  ganglion,  a 
dorsal  root  ganglion  in  spinal  examples  and 
Scarpa’s  ganglion  in  vestibular  tumors  (63). 

Conventional  schwannomas  consist  entirely 
of  Schwann  cells  arranged  in  two  characteristic 
patterns,  referred  to  as  Antoni  A and  B (fig.  7-12). 
The  proportion  of  each  pattern  varies.  The  inter- 
face between  them  may  be  either  gradual  or 
abrupt,  and  is  highlighted  by  differences  in  histo- 
chemical  staining,  collagen  being  most  abundant 
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Figure  7-5 

SCHWANNOMA,  BONE  REMODELING 
Smooth  contoured  bone  impression  is  illustrated  by  a 
schwannoma  arising  between  the  distal  tibia  and  fibula  (A). 
Due  to  intraspinal  and  paraspinal  growth,  spinal  examples 
may  assume  a “dumbbell”  configuration  ( B).  Note  spinal  cord 
displacement  and  focal  cystic  degeneration  of  the  tumor.  An 
axial  CT  study  of  such  a lesion  (C)  shows  unilateral  expansion 
of  a spinal  foramen  and  extension  of  the  tumor  into  the 
paraspinous  space.  The  spinal  cord  is  compressed. 


Figure  7-6 
SCHWANNOMA, 
NEUROIMAGING 
Left:  An  axial  Tl- 
weighted  image  shows 
the  spherical  tumor  as 
a low  signal  (bottom) 
beneath  the  bright  tib- 
ial  plateau. 

Right:  On  the  sagit- 
tal T2  study,  the  uni- 
form bright  signal 
clearly  demonstrates 
the  solid  tumor  at- 
tached to  its  parent 
nerve. 
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Figure  7-7 

VISCERAL-MUCOSAL  SCHWANNOMA 
Visceral  tumors  are  infrequent  in  occurrence  and  affect  mainly  the 
gastrointestinal  tract,  usually  the  stomach  (A).  Other  organs,  such  as  the 
kidney,  are  rarely  affected  (B,C).  Mucosal  involvement,  as  of  the  nose  or 
paranasal  sinuses,  is  also  uncommon  (D).  In  each  instance,  note  the  lack 
of  a well-formed  capsule.  Limited  infdtration  of  surrounding  tissue 
should  not  be  interpreted  as  evidence  of  malignancy. 


in  Antoni  A and  mucopolysaccharide  in  Antoni  B 
tissue  (fig.  7-13). 

The  Antoni  A pattern  predominates  in  tumors 
of  the  spinal  canal  and  in  cellular  schwannomas 
( see  below).  It  consists  of  compacted,  elongate  cells 
with  tapered,  spindle-shaped  nuclei,  variable  chro- 


masia,  ample  pink  cytoplasm,  and  no  discernible 
cell  membrane  (fig.  7-12A,B).  The  nuclei  are 
several  times  larger  than  those  of  most  neurofi- 
bromas. On  histologic  sections  and  smears,  in- 
tranuclear cytoplasmic  pseudoinclusions  may  be 
seen,  but  nucleoli  are  inconspicuous  (fig.  7-14). 
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Figure  7-8 
SCHWANNOMA 

Tumor  configuration  may  vary.  Some 
schwannomas,  such  as  this  intercostal  nerve 
example,  are  misshapen  by  surrounding  osse- 
ous structures  (A).  Lobulation  is  also  an  un- 
usual feature  (B).  Occasional  tumors  exhibit 
sinuous  plexiform  growth  (C).  Multiple  tumors 
may  be  closely  apposed  (D),  or  separate  as  in 
this  intradural  lumbar  lesion  (E).  Due  to  their 
axial  orientation,  tumors  arising  in  the  lumbar 
intradural  space  are  often  sausage-shaped  (F). 
Almost  entirely  cystic  lesions,  such  as  this 
transilluminated,  lumbar  intradural  example, 
are  unusual  (G). 
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Figure  7-9 
SCHWANNOMA 

On  cut  section,  typical  schwannomas  are  solid  and  homogeneously  tan.  Lipid  deposition,  a common  degenerative  feature 
that  produces  yellow  coloration  (A),  may  be  focally  accentuated  (B)  or  extensive  (C).  The  same  is  true  of  cystic  degeneration 
(D,E).  Calcification  when  seen  is  usually  focal. 
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Figure  7-10 
SCHWANNOMA 

Hemorrhage  is  a common  finding  and  may  be  focal  (see  fig.  7-5B)  or  extensive  (A)  with  resultant  cystic  degeneration  (B). 
On  occasion  a schwannoma  enlarged  by  hemorrhage  may  clinically  mimic  a metastatic  neoplasm  (C),  as  in  this  woman  with 
a history  of  mammary  carcinoma  who  underwent  needle  aspiration  biopsy  of  a mass  in  the  adrenal  region.  Only  rare  fragments 
of  a schwannoma  were  identified;  an  immunostain  for  S-100  protein  (D)  confirmed  the  diagnosis. 


The  cells  in  Antoni  A tissue  are  aligned  and  com- 
pactly disposed  in  broad  bundles  (fig.  7-12A),  inter- 
lacing fascicles  (fig.  7-15A),  or  occasionally  in 
whorls  (fig.  7-16E).  These  histologic  features  are 
highly  characteristic,  often  allowing  a diagnosis  of 
schwannoma  on  small  tissue  fragments  in  the 
case  of  large  cystic  or  hemorrhagic  schwan- 
nomas or  in  needle  aspiration  specimens  (fig. 

?-10C,D).  Nuclear  clusters  of  one  form  or  an- 
are  also  common,  the  most  frequent  being 
palisaded  arrangement  in  which  well-regi- 
mented, often  double  rows  of  nuclei  lie  separated 
by  aligned  eosinophilic  cell  processes.  Often  dis- 
tinct from  their  surroundings,  these  Verocay 


bodies  (figs.  7-15B,C,  7-16A)  have  long  been  rec- 
ognized as  a cardinal  feature  of  schwannoma 
(94).  Verocay  bodies  vary  in  frequency.  Although 
uncommon  in  8th  nerve  schwannomas,  they  are 
frequent  in  intraspinal  examples.  Truly,  Verocay 
body-rich  tumors  are  rare  (figs.  7-15D,  7-16A). 
In  occasional  Antoni  A areas,  Verocay  bodies 
superficially  resemble  Homer  Wright  rosettes 
(fig.  7-16B)  (31,38)  or  the  neoplastic  Schwann 
cells  are  arranged  in  tight  clusters  (fig.  7-16C); 
such  cell  arrangements  (fig.  7-14)  should  not 
prompt  an  erroneous  diagnosis  of  malignancy. 
Rare  schwannomas  exhibit  pseudopapillary  or 
other  odd  patterns  (fig.  7-16D,F). 
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Figure  7-11 
SCHWANNOMAS 

Schwannomas  of  peripheral  nerve  typically  possess  a thick  hyaline  capsule  (A),  a feature  highlighted  with  trichrome  stains 
( B ),  as  are  the  hyalinized  vessels  ( B ).  It  is  within  the  capsule  that  remnants  of  the  parent  nerve  may  be  found  ( C,  neurofilament 
protein  immunostain)  (see  also  fig.  7-25F).  Intradural  tumors  such  as  this  cauda  equina  lesion  and  schwannomas  arising 
within  the  brain  or  spinal  cord  often  lack  a thick  capsule  (D)  (see  also  fig.  7-7). 
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Figure  7-12 
SCHWANNOMA 

Of  the  two  principal  histologic  patterns,  the  compact  Antoni  A pattern  featuring  aligned  spindle  cells  with  elongate  nuclei 
is  that  most  obviously  schwannian  in  nature  (A,B).  In  contrast,  the  Antoni  B pattern  (C)  consists  of  loose  textured  cells  with 
round  nuclei  and  delicate  cobweb-like  processes.  On  occasion,  Antoni  B tissue  may  appear  focally  cellular  (D). 


Schwannoma 


The  Antoni  B pattern  consists  of  a loose-tex- 
tured, cobweb-like  mesh  work  of  cells  with  multi- 
polar processes  (fig.  7-12C,D).  Their  round  to 
oval,  occasionally  hyperchromatic  nuclei  may 
feature  cytoplasmic  nuclear  pseudoinclusions. 
The  loose  texture  of  Antoni  B tissue  may  give  way 
to  microcyst  formation.  Also  a common  feature  is 
the  presence  of  hemosiderin  about  vessels  (fig. 
7-17A).  The  vessels  are  typically  hyalinized  and 
thick-walled  (fig.  7-17A,B),  but  thin-walled,  ec- 
tatic  vessels  may  also  be  seen  (fig.  7-17C).  On 
occasion,  abnormal  vessels  may  be  so  conspicu- 
ous as  to  resemble  a vascular  malformation  (53). 
Thrombosis  and  recanalization  of  vessels  is  com- 
mon and  may  be  related  to  patches  of  non- 
palisading necrosis  (fig.  7-17D).  Infiltrates  of 
foamy  cells  are  often  seen  in  schwannomas  (fig. 
7-18A),  particularly  in  8th  cranial  nerve  tumors. 
It  has  been  suggested  that  such  delicately  peri- 
odic acid-Schiff  (PAS)-  and  oil  red  O-positive, 
lipid-laden  cells  (fig.  7-18B)  represent  phago- 
cytic Schwann  cells  (26).  Whereas  lipofuscin  is 
commonly  seen  in  normal  and  neoplastic 
Schwann  cells  (fig.  7-18C,D),  melanin  is  rare  and 
is  limited  to  melanotic  variants  of  this  tumor  ( see 
below).  Iron  deposition,  apparently  related  to 
vascular  abnormalities,  may  be  conspicuous  (fig. 
7-18E).  Stromal  mucin  formation  can  be  sub- 
stantial (fig.  7-18F),  but  is  less  a feature  of 
schwannoma  than  of  neurofibroma.  Occasional 
examples  are  sufficiently  mucin  rich  as  to  appear 
myxoid  (fig.  7-19)  and  be  confused  with  other 
myxoid  soft  tissue  tumors. 

The  biologic  relationship  between  Antoni  A and 
B tissues  remains  unclear.  Tissue  culture  studies 
showing  substantial  differences  in  their  metabolic 
state  suggest  that  the  Antoni  B element  has  a 
broader  range  of  metabolic  activity  (62). 

Although  plump,  epithelial-appearing  cells 
are  occasionally  seen  in  otherwise  conventional 
or  plexiform  schwannomas  (fig.  7-48),  only  rare 
schwannomas  are  composed  largely  of  plump 
epithelioid  cells  (fig.  7-20).  Loosely  termed  “ epi- 
thelioid schwannomas such  tumors  remain  to 
be  fully  characterized.  Of  reported  cases,  most 
are  subcutaneous  and  presumably  behave  as 
ordinary  schwannomas  (54a). 

Special  stains  provide  diagnostically  useful  in- 
formation regarding  the  microanatomy  of  schwan- 
nomas (fig.  7-13).  In  longstanding  tumors, 
trichrome  stains  often  reveal  considerable  collagen 


deposition  in  both  the  Antoni  A and  B compo- 
nents (fig.  7-13A).  As  compared  to  the  abundance 
of  mucopolysaccharide-rich  matrix  in  neurofi- 
bromas, Alcian  blue  stains  for  mucin  are  usually 
only  mildly  reactive  in  schwannomas  (fig.  7- 
130.  Reticulin  stains  in  a dense  pericellular 
pattern  in  Antoni  Acomponents  ( fig.  7 - 13B ) high- 
lighting not  only  intercellular  collagen  bundles, 
but  the  pericellular  distribution  of  basement 
membrane  so  typical  of  Schwann  cells.  As  pre- 
viously noted,  it  is  unusual  for  fibers  of  the  parent 
nerve  to  be  distributed  within  the  substance  of  all 
but  the  subcapsular  portions  of  a schwannoma 
(fig.  7-110.  Since  both  the  Bielschowsky  and 
Bodian  silver  impregnation  methods  may  non- 
specifically  stain  reticulin  fibers,  residual  nerve 
fibers  are  more  reliably  identified  by  immunohis- 
tochemical  stains  for  neurofilament  protein. 
Mast  cells  are  readily  seen  in  schwannoma,  par- 
ticularly in  the  Antoni  B component. 

Although  uncommon,  metaplasia  to  cartilagi- 
nous, osseous,  and  even  adipose  tissue  may  be 
observed  in  schwannomas  (40,51,65).  It  is  doubtful 
whether  schwannomas  ever  show  true  epithelial 
(glandular  or  squamous)  differentiation.  Most 
purported  examples  (3,7,21,33,100)  were  located 
in  skin,  a site  in  which  the  “epithelial  elements” 
could  be  explained  as  trapped  cutaneous  ad- 
nexae.  Woodruff  and  Christensen  (98)  found  no 
evidence  of  a myoepithelial  cell  layer  in  glandu- 
lar peripheral  nerve  sheath  tumors  arising  at 
noncutaneous  sites.  Instead,  the  glands  in  so- 
called  cutaneous  glandular  schwannomas  were 
seen  to  be  invested  by  a layer  of  myoepithelial 
cells  (fig.  7-21),  a feature  of  the  coiled  secretory 
portions  of  sweat  glands  (29).  Also  commonly 
mistaken  for  glands  in  schwannoma  are  small, 
single  or  multiple  spaces  lined  by  eosinophilic, 
S-100  protein-immunoreactive  Schwann  cells 
superficially  resembling  epithelium  (fig.  7-23) 
(30).  Tumors  with  such  degenerative  pseudo- 
glandular  spaces  should  not  be  termed  glandular 
schwannomas  and  do  not  represent  a schwan- 
noma variant  (13). 

As  previously  noted,  infarct-like  necrosis  un- 
associated with  palisading  may  be  seen  in 
schwannomas,  particularly  in  large  examples 
(fig.  7-17D).  The  finding  is  of  no  prognostic  sig- 
nificance. The  same  is  true  of  mitotic  figures. 
Cellular  lesions  composed  entirely  of  Antoni  A 
tissue  sometimes  feature  4 or  more  mitoses  per 
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Figure  7-13 

SCHWANNOMA 

Antoni  A and  B tissues  feature  variable  degrees  of  collagen  deposition  (A,  Masson’s  trichrome;  B,  reticulin)  and  mucin 
accumulation  (C,  Alcian  blue). 
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Figure  7-14 

SCHWANNOMA,  CYTOLOGY 

Left:  The  constituent  cells  possess  elongate  to  plump  nuclei  with  stippled  chromatin,  inconspicuous  nucleoli,  and  delicate 
wispy  cell  processes  of  varying  length. 

Right:  Nuclear  cytoplasmic  pseudoinclusions  may  also  be  seen. 


10  high-power  fields;  such  tumors  should  be 
designated  cellular  schwannoma,  not  malignant 
peripheral  nerve  sheath  tumor  (MPNST). 

Longstanding  schwannomas  often  show  ex- 
tensive stromal  and  vascular  degenerative 
changes,  including  organization  of  remote  hem- 
orrhage, widespread  hyalinization  (fig.  7-24), 
and  calcification  (fig.  7-9F).  Such  tumors  may 
also  show  advanced  degenerative  nuclear 
changes  characterized  by  marked  pleomorphism, 
hyperchromasia,  and  cytoplasmic  pseudoinclu- 
sion formation  (fig.  7-24D).  Once  termed  “ancient 
schwa?ino?nas”  (2),  tumors  with  these  findings  are 
in  no  way  clinically  distinctive.  We  recognize  such 
lesions,  but  do  not  consider  them  a specific  variant 
of  schwannoma.  Chronic  inflammation  may  also  be 
seen  (fig.  7-22,  left).  Lymphoplasmacellular  infil- 
trates are  seen  in  approximately  5 percent  of 
schwannomas  and  occasionally  accompany  other 
degenerative  changes.  Noncaseating  microgran- 


ulomas of  unknown  etiology  and  significance  are 
rarely  seen  in  otherwise  typical  schwannomas 
(fig.  7-22,  right). 

Schwannomas  ofNF2.  LTnusual  histologic  fea- 
tures may  be  exhibited  by  NF2-associated  schwan- 
nomas. These  include:  multifocality  within  a 
nerve,  a tendency  to  nodularity  and  whorl  forma- 
tion (fig.  7-16E),  and  peripheral  ingrowth  of  sur- 
rounding exuberant  arachnoidal  tissue.  On  rare 
occasion  the  latter  progresses  to  the  formation  of 
a mixed  schwannoma-meningioma  (34,84). 

Immunohistochemical  Findings.  The  im- 
munophenotype  of  schwannomas  is  highly  dis- 
tinctive. Staining  for  S-100  protein  is  very  useful 
in  identifying  schwannomas;  all  optimally  fixed 
tumors  are  uniformly  immunopositive  for  this 
antigen  (50,54,97).  We  attribute  rare  lack  of  re- 
activity to  artifacts  of  tissue  fixation  or  process- 
ing. Staining  for  S-100  protein  is  often  stronger  in 
Antoni  A tissue  than  in  the  less  cellular  Antoni  B 
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Figure  7-15 

SCHWANNOMA,  VEROCAY  BODIES 

A distinctive  feature  of  schwannomas  is  the  tendency  to  cellular  regimentation  which  varies  from  indistinct  (A)  to  the 
formation  of  tight,  occasionally  discrete  aggregates  termed  Verocay  bodies  (B,C). 


Schwannoma 


Figure  7-15  (Continued) 

Verocay  bodies  may  be  numerous  in  intraspinal  schwannomas  (D).  Strong  PAS  staining  (E)  and  S-100  protein  immunore- 
activity  (F)  in  Verocay  bodies  result  from  compaction  of  basement  membranes  and  cell  processes. 
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Figure  7-16 

SCHWANNOMA,  UNUSUAL  PATTERNS 

A eence  of  miniature  Verocay  bodies  occasionally  results  in  irregular  nuclear  crowding  (A).  When  nuclei  are  plump  and 
recesses  radiate  toward  a center,  the  result  is  an  exaggerated  Homer  Wright  rosette-like  pattern  (B).  Tight  clusters  of 
epithelioid  cells  are  an  uncommon  finding  (C),  as  is  a loose,  geometric  cell  arrangement  resembling  vegetable  matter  (D).  Whorl 
formation  is  more  often  seen  in  NF2-associated  schwannomas  (E).  Papillary  degeneration  is  rarely  seen  (F).  (D,  courtesy  of 
Dr.  A.  Tsutsumi,  Osaka,  Japan.) 


Schwannoma 


Figure  7-17 

SCHWANNOMA,  DEGENERATIVE  CHANGES 

Perivascular  hemosiderin  deposits  are  commonly  seen  surrounding  hyalinized  vessels  (A).  Such  hyalinization  may  be  prominent 
( B ).  Thin-walled,  ectatic  vessels  are  also  a frequent  finding  ( C ).  Such  altered  vessels  tend  to  undergo  thrombosis  and  microhemorrhage. 
The  latter  accounts  for  iron  deposition  (see  fig.  7-18E)  and  probably  underlies  the  occasional  finding  of  nonpalisading  necrosis  (D). 
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Figure  7-18 

SCHWANNOMA,  DEGENERATIVE  CHANGES 

Foam  cells  with  xanthic  changes  (A)  are  clearly  seen  on  PAS  stain  (B,  left)  and  are  accentuated  with  oil  red  0 preparations  (B, 
right).  Lipotuscin  accumulation  is  a less  frequent  finding  (C);  such  tumors  should  not  be  confused  with  melanotic  schwannoma. 
Although  this  pigment  is  argentaffin  reactive  (D,  left;  Fontana  stain)  it  is  also  PAS  positive  (D,  right).  Iron  deposition  is  commonly 
seen  in  longstanding  tumors  with  advanced  vascular  degeneration  (E;  Prussian  blue).  On  occasion,  otherwise  typical  schwannomas 
sViow  extensive  stromal  mucin  accumulation  wherein  the  cells  actually  surround  small  puddles  of  mucin  (F). 
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Figure  7-19 

SCHWANNOMA  PARTLY  SIMULATING  MYXOMA 

On  occasion,  myxoid  change  in  schwannoma  is  so  extensive  (A,B)  as  to  mimic  nerve  sheath  myxoma  or  even  conventional 
myxoma  of  soft  tissue.  Such  mucin-rich  schwannomas  are  strongly  Alcian  blue  positive  (C)  and  uniformly  S-100  protein 
immunoreactive  (D). 
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Figure  7-20 

EPITHELIOID  SCHWANNOMA 

These  tumors  are  rare,  may  exhibit  a somewhat  lobular  pattern  (A),  and  consist  of  often  clustered  cells  with  ample 
eosinophilic  cytoplasm  (B).  They  are  strongly  S-100  protein  immunoreactive  (C). 
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Figure  7-21 

CUTANEOUS  SCHWANNOMA  WITH  ENTRAPPED  SWEAT  GLAND 

Left:  This  conventional  schwannoma  involving  skin  and  subcutaneous  tissue  of  the  left  arm  entraps  sweat  gland  tissue 
which  mimics  glandular  differentiation. 

Right:  An  immunostain  for  muscle  common  actin  shows  these  “glands”  to  be  surrounded  by  myoepithelial  cells,  a finding 
indicating  their  sweat  gland  derivation  rather  than  a diagnosis  of  glandular  schwannoma. 
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Figure  7-22 
SCHWANNOMA 

Left:  Chronic  inflammation  is  common,  particularly  as  large  tumor  infiltrates,  and  consists  primarily  of  lymphoid  cells. 
Right:  Noncaseating  granulomas  are  a rare  finding  in  schwannomas  and  are  of  unknown  significance. 
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Figure  7-23 

SCHWANNOMA,  PSEUDOGLANDS 

The  occasional  formation  of  microcysts  (A)  with  a pseudoepithelial  lining  of  Schwann  cells  (B)  is  considered  a degenerative 
c ange.  The  lining  cells  are  S-100  protein  immunoreactive  (C)  and  lack  immunoreactivity  for  epithelial  markers. 
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Figure  7-24 

“ANCIENT  SCHWANNOMA” 

Schwannomas  of  long  standing  often  show  degenerative  changes  including  central  tissue  loss  (A,B),  necrosis  unassociated 
with  nuclear  palisading  (see  fig.  17-17D),  widespread  hyalinization  (C),  focal  calcification  (see  fig.  7-9F),  and  degenerative 
nuclear  atypia  (D).  (A,B:  Courtesy  of  Dr.  D.  Horoupian,  Stanford,  CA.) 


areas  (fig.  7-25A).  A similar  pattern  of  staining, 
although  less  frequent  and  uniform,  is  seen  with 
Leu-7  (fig.  7-25B)  (50).  Myelin  basic  protein 
(MBP)  staining  has  been  reported  by  some  au- 
thors (67),  but  most  have  reported  no  reactivity 
for  this  antigen  (14,50).  Negative  results  are  not 
surprising,  since  MBP  has  not  been  biochemi- 
cally demonstrated  in  schwannomas  (68).  Im- 
munoreactivity  for  glial  fibrillary  acidic  protein 
(GFAP)  may  be  seen  in  a significant  number  of 
schwannomas  (fig.  7-250  (35,41,50,61).  The  fre- 
quency and  degree  of  staining  varies  with  the 
source  of  the  antibody  used.  The  reaction  is 


thought  to  detect  a GFAP-like  substance  distinct 
from  that  found  in  glial  cells  of  the  central  ner- 
vous system.  Such  reactivity  is  of  practical  diag- 
nostic significance,  since  benign  nerve  sheath 
tumors  are  more  often  GFAP  reactive  than  are 
malignant  ones,  which  are  either  nonreactive 
(41,54)  or  only  sparsely  reactive  (see  fig.  11-19F) 
(35).  Unlike  neurofibroma,  wherein  CD34-positive 
cells  may  be  seen  throughout,  schwannomas  show 
reactivity  only  in  Antoni  B tissue,  usually  nearby 
the  capsule  (13a).  Despite  the  demonstration  of 
CD68  staining  in  schwannoma  (fig.  7-25D)  (54c), 
we  have  not  seen  widespread  granular  cell 
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Figure  7-25 
SCHWANNOMA 

The  immunoprofile  of  schwannoma  includes  uniform  staining  of  Antoni  A and  B tissues  for  vimentin  as  well  as  for  S-100 
protein  (A).  Stains  for  Leu-7  are  variably  positive  (B).  Reactivity  for  glial  fibrillary  acidic  protein  is  commonly  seen,  but  is 
usually  patchy  (C).  Although  granular  cell  change  is  rare  in  schwannomas,  patchy  CD68  staining  is  a common  finding  (D). 
Collagen  4 reactivity  corresponds  to  pericellular  basement  membranes  (E).  Neurofilament  protein-positive  axons,  if  present 
within  the  substance  of  schwannomas,  are  usually  limited  to  the  subcapsular  region  (F). 
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Figure  7-26 
SCHWANNOMA 

Antoni  type  A tissue  consisting  of  prominent  arrays  of 
Schwann  cell  processes  that  are  coated  on  their  free  surfaces 
by  basement  membrane  substance  (X5,800). 

change  in  this  tumor.  Basement  membrane 
staining  for  collagen  4 (fig.  7-25E)  and  laminin 
shows  a pattern  corresponding  to  that  of 
reticulin  (59).  Both  are  particularly  strong  in 
Antoni  A tissue  and  among  the  aligned,  compact 
cells  and  processes  that  comprise  areas  of  pali- 
sading and  Verocay  bodies.  The  types  of  collagen 
represented  vary  somewhat:  Antoni  A regions  are 
collagen  4 immunoreactive,  whereas  Antoni  B 
areas  reportedly  stain  for  collagen  types  1,3,  and 
4 (64).  Stains  for  neurofilament  protein  are  use- 
ful in  assessing  the  relationship  of  a schwan- 
noma to  its  parent  nerve,  the  fibers  of  which 
reside  in  the  capsule  (fig.  7-11C)  and  are  scant  or 
only  occasionally  encountered  in  subcapsular 
portions  of  the  lesion  (fig.  7-25F).  As  previously 
noted,  immunostaining  for  neurofilament  pro- 
tein is  more  sensitive  in  demonstrating  nerve 
fibers  than  are  silver  impregnation  methods. 
Lastly,  whereas  staining  for  vimentin  is  of  little 


Detail  of  a complex  Schwann  cell  process.  Note  the  occa- 
sionally reduplicated  lamina  densa  of  the  basement  mem- 
brane in  the  intercellular  spaces  (X32,400). 


diagnostic  utility,  a positive  reaction  serves  as 
evidence  of  immunoviability.  Reactivity  is  strong 
in  schwannomas,  as  well  as  in  other  nerve 
sheath  tumors  (39). 

Ultrastructural  Findings.  Although  elec- 
tron microscopy  usually  is  not  required  for  the 
routine  diagnosis  of  schwannoma,  a working 
knowledge  of  the  ultrastructural  features  of  this 
lesion  is  important  in  the  differential  diagnosis. 
Antoni  A tissue  is  composed  of  neoplastic  Schwann 
cells  having  prominent,  long,  thin  cytoplasmic  pro- 
cesses often  complexly  entangled  (fig.  7-26)  and 
joined  by  widely  scattered  rudimentary  cell  junc- 
tions ( 12,19,20,23-25,55,83,95,99).  The  tumor  cell 
nuclei  are  elongate  with  generally  smooth  con- 
tours, finely  dispersed  chromatin,  and  one  or  two 
small  nucleoli  (fig.  7-26).  Perinuclear  cytoplasm 
contains  a small  Golgi  apparatus,  scattered  mito- 
chondria, short  profiles  of  rough  endoplasmic 
reticulum,  ribosomes  and  polysomes,  various 
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Figure  7-28 
SCHWANNOMA 

The  central  portion  of  a Verocay  body  consists  of  a relatively 
straight  Schwann  cell  process  with  a prominent  intervening 
collagen/basement  membrane  substance  stroma  (X8,400). 


types  of  primary  and  secondary  lysosomes,  and 
occasional  small  lipid  droplets  (fig.  7-27).  The 
prominent,  undulating,  intertwining  cell  processes 
generally  contain  few  organelles,  other  than  scat- 
tered arrays  of  intermediate  filaments  and  micro- 
tubules, as  well  as  small  vesicles  (fig.  7-27).  The 
central  anucleate  portions  of  the  Verocay  bodies 
are  composed  of  long,  parallel  cytoplasmic  pro- 
cesses separated  in  varying  proportion  by  base- 
ment membrane  substance  and  collagen  fibrils 
(fig.  7-28).  The  main  constituents  of  the  generally 
sparse  stroma  include  reduplicated  basement 
membrane,  scattered  small  bundles  of  thin  colla- 
gen fibrils  (figs.  7-26,  7-27),  and  variable  num- 
)ers  of  long-spaced  ( 130-nm  periodicity)  collagen 
fibrils  often  referred  to  as  Luse  bodies  (fig.  7-29). 

In  contrast,  Antoni  type  B tissue  is  less  cellu- 
lar and  consists  of  neoplastic  Schwann  cells  dis- 
persed within  flocculent  material  of  low  electron 
density,  basement  membrane  substance,  and  scat- 


Figure 7-29 
SCHWANNOMA 

A portion  of  intercellular  stroma  contains  a Luse  body, 
typical  collagen  fibrils,  and  basement  membrane  substance 
(X52,500). 


tered  collagen  fibrils  (fig.  7-30).  Schwann  cell 
nuclei  in  Antoni  B areas  often  are  somewhat 
more  pleomorphic  and  may  contain  more 
clumped  chromatin  than  do  those  in  Antoni  A 
tissue.  In  addition,  the  frequent  finding  of  sec- 
ondary lysosomes  and  myelin  figures  may  be  a 
reflection  of  cell  degeneration  (fig.  7-31)  (82).  The 
blood  vessels  of  schwannoma  characteristically 
exhibit  a thickened  basement  membrane  (23,52, 
82)  and  are  fenestrated  (45). 

Differential  Diagnosis.  A number  of  lesions 
enter  into  the  differential  diagnosis  of  conven- 
tional schwannoma.  Principal  among  these  are 
cellular  schwannoma  (see  later  in  this  chapter), 
neurofibroma,  and  MPNST.  Ganglioneuroma, 
leiomyoma,  and  palisaded  myofibroblastoma 
must  also  be  considered. 

Distinguishing  schwannoma  from  neurofi- 
broma usually  poses  no  problem  (Table  7-1). 
Confusion  may  occur,  however,  since  the  loose 
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Figure  7-30 

SCHWANNOMA,  ANTONI  TYPE  B TISSUE 
Schwann  cell  processes  in  a prominent  stroma  contain 
sparse  basement  membrane  substance  and  collagen  fibrils. 
Dilated  Schwann  cell  processes  are  present  (X9.900). 


textured  Antoni  B tissue  of  schwannoma  may 
closely  mimic  neurofibroma  (fig.  7-32A-C).  At- 
tention to  overall  architectural  and  immunocyto- 
chemical  features  usually  resolves  the  issue. 
Neurofibromas  may  be  surrounded  by  a variably 
thickened  perineurium  and  epineuriuin  but  lack 
the  thick,  collagenous  capsule  of  schwannoma. 
Furthermore,  many  neurofibromas,  particularly 
plexiform  examples,  diffusely  infiltrate  sur- 
rounding soft  tissue.  Neurofibromas  usually  lack 
the  Antoni  A and  B patterns  so  typical  of  schwan- 
noma, but  occasional  examples,  particularly  plexi- 
form or  lumbosacral  intradural  neurofibromas, 
may  contain  nodules  of  Schwann  cells  resembling 
mini-schwannomas  (see  fig.  8-28).  Unlike  most 
schwannomas,  neurofibromas  often  possess  a 
mucinous  matrix  and  contain  scattered  myeli- 
nated and  unmyelinated  axons.  Immunoreactivity 
for  S-100  protein  is  seen  in  only  a portion  of  the 
cells  comprising  neurofibroma,  whereas  reactiv- 


Figure 7-31 

SCHWANNOMA.  ANTONI  TYPE  B TISSUE 
Note  the  cluster  of  lysosomes  in  the  perinuclear  cyto- 
plasm as  well  as  the  dilated  rough  endoplasmic  reticulum 
(RER)  cistemae  (X7.200). 


ity  is  uniform  throughout  schwannoma  (fig.  7- 
32D).  Neurofibromas  also  show  cellular  hetero- 
geneity at  the  ultrastructural  level;  in  contrast 
to  the  homogeneous  composition  of  schwan- 
nomas, they  contain  not  only  Schwann  cells,  but 
fibroblasts  and  perineurial-like  cells. 

Schwannomas  rich  in  mucopolysaccharide 
matrix  may  mimic  dermal  nerve  sheath  myxoma 
(fig.  7-21).  Nerve  sheath  myxomas  are  not  encap- 
sulated and  do  not  exhibit  Antoni  A and  B patterns 
or  Verocay  bodies  (see  fig.  9-20).  Immunohisto- 
chemistry  is  of  little  use  since  both  lesions  are 
composed  of  Schwann  cells.  Nonetheless,  reactiv- 
ity for  S-100  protein  is  variable  and  occasionally 
absent  in  nerve  sheath  myxomas  (see  fig.  9-30). 

Although,  unlike  most  schwannomas,  MPNSTs 
are  invasive  of  surrounding  tissues,  infiltration 
may  be  grossly  or  even  microscopically  inapparent. 
The  fibrous  tissue-rich  pseudocapsule  of  such 
MPNSTs  is  composed  of  infiltrated  soft  tissue 
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Figure  7-32 

SCHWANNOMA  SIMULATING  NEUROFIBROMA 

Loose  textured  components  (A),  particularly  in  spinal  intradural  tumors,  may  mimic  neurofibroma.  The  same  is  true  of 
tumors  in  which  collagen  accumulation  mimics  the  “shredded  carrots”  pattern  of  neurofibroma  (B).  More  often,  neurofibroma- 
like tissue  lies  interposed  between  nodules  of  obvious  schwannoma  (C).  In  addition  to  sampling,  a strong  and  uniform  S-100 
protein  staining  (D)  and  lack  of  nerve  fibers  support  the  diagnosis  of  schwannoma. 


Schwannoma 


and  should  not  be  mistaken  for  the  true  capsule  of 
schwannoma.  The  finding  of  skeletal  muscle, 
densely  adherent  at  the  gross  level  or  microscopi- 
cally incorporated  into  the  fibrous  periphery  of  an 
MPNST,  is  indicative  of  invasion  and  malignancy. 
As  previously  noted,  visceral  schwannomas  and 
those  occurring  at  mucosal  sites,  such  as  in  the 
nose  or  paranasal  sinuses  (44),  often  lack  a capsule 
(fig.  7-7).  Limited  infiltration  in  such  instances 
should  not  be  overinterpreted  as  evidence  of  ma- 
lignancy. The  same  is  true  of  sch  wannomas  asso- 
ciated with  osseous  destruction,  e.g.,  “giant  sacral” 
schwannoma.  Their  effects  upon  bone  are  due  to 
compression,  not  to  permeative  growth;  the  latter 
is  a feature  of  MPNST  ( 19,22).  Hyalinized  vascula- 
ture accompanied  by  histiocytes  and  hemosiderin 
deposition  are  characteristic  features  of  schwan- 
noma, and  are  usually  lacking  in  MPNST.  As  a 
rule,  all  but  a minority  of  low-grade  MPNSTs  are 
more  cellular  than  schwannomas.  MPNSTs  lack 
distinctive  Antoni  A and  B patterns  as  well  as 
Verocay  bodies.  The  degenerative  nuclear  atypia 
in  schwannoma,  which  includes  bizarre  hyper- 
chromatic  cells  and  intranuclear  cytoplasmic  in- 
clusions, is  readily  distinguished  from  the  more 
typically  uniform,  malignant  cytologic  features  of 
MPNST,  which  includes  marked  cell  crowding  and 
hyperplasia.  Unlike  schwannoma,  necrosis  in 
MPNST  is  far  more  likely  to  be  accompanied  by 
surrounding  palisaded  tumor  cells.  Lastly,  the  pres- 
ence of  heterologous  mesenchymal  differentiation, 
a feature  of  approximately  10  percent  of  MPNSTs, 
does  not  occur  in  schwannoma.  On  occasion,  how- 
ever, schwannomas  may  show  osseous  metaplasia. 
Immunohistochemistry  also  aids  in  the  distinction 
of  schwannoma  from  MPNST  in  that  the  latter 
generally  shows  only  patchy  or  scant  S-100  protein 
and  Leu-7  staining.  Reactivity  for  GFAP,  a com- 
mon feature  of  schwannomas  and  other  benign 
PNSTs  (61),  is  rare  in  MPNST  (35,41). 

The  differential  diagnosis  with  leiomyoma 
arises  primarily  in  tumors  of  skin,  deep  soft 
tissue,  and  the  retroperitoneum  and  gastrointes- 
tinal tract.  Leiomyomas  are  unassociated  with 
nerve  and  generally  lack  the  thick  hyaline  cap- 
sule and  hyalinized  vasculature  of  schwannoma. 
Although  smooth  muscle  tumors  do  not  feature 
well-formed  Antoni  A and  B components,  nuclear 
palisading  may  be  seen.  Indeed,  the  palisaded 
areas  of  some  leiomyomas,  notably  uterine  ex- 
amples, may  closely  simulate  Verocay  bodies, 


but  sometimes  differ  by  being  disposed  in  a 
wave-like  pattern.  Nuclear  shape  may  be  of  as- 
sistance in  that  the  nuclei  of  smooth  muscle 
tumors,  especially  leiomyomas,  are  often  blunt- 
ended  rather  than  tapered.  Smooth  muscle  cells 
also  have  a more  densely  eosinophilic  cytoplasm 
and,  unlike  neoplastic  Schwann  cells,  often  dis- 
tinct cell  borders.  Trichrome  and  phospho- 
tungstic  acid  hematoxylin  (PTAH)  stains  often 
show  red  and  blue  longitudinal  fibrils,  respec- 
tively, within  the  cytoplasm  of  smooth  muscle 
cells.  The  longitudinal  fibrils  are  also  sometimes 
seen  on  hematoxylin  and  eosin  (H&E)  stained 
material.  Immunohistochemistry  readily  settles 
the  issue:  smooth  muscle  tumors,  with  some 
exceptions  (90,91),  lack  S-100  protein  staining 
and  Leu-7  reactivity  is  not  observed;  instead 
they  are  reactive  for  myogenic  markers  such  as 
smooth  muscle  actin  and  sometimes  desmin.  The 
ultrastructure  of  smooth  muscle  tumors  is 
highly  distinctive.  Their  cells  usually  are 
bounded  by  a basement  membrane  and  often 
contain  parallel  arrays  of  abundant  cytoplasmic 
microfilaments  (actin)  with  interspersed  fusi- 
form dense  bodies,  subplasmalemmal  attach- 
ment plaques,  and  pinocytotic  vesicles. 

The  distinction  of  schwannoma  from  ganglio- 
neuroma only  becomes  an  issue  if  the  schwan- 
noma, usually  paraspinous  examples,  overruns  a 
dorsal  root  ganglion.  The  anatomic  distribution 
and  uniform  cytology  generally  distinguish  normal 
ganglion  cells  of  residual  dorsal  root  ganglia  from 
the  haphazardly  arrayed,  often  cytologically  ab- 
normal ganglion  cells  that  typify  ganglioneuroma. 
Since  ganglion  cells  in  ganglioneuroma  are  sur- 
rounded by  varying  numbers  of  satellite  Schwann 
cells,  the  simple  presence  of  the  latter  does  not 
distinguish  ganglioneuroma  from  either  schwan- 
noma or  neurofibroma  involving  a ganglion.  The 
spindle  cell  component  of  ganglioneuroma  is  usu- 
ally less  cellular  than  that  of  schwannoma  and  more 
closely  resembles  neurofibroma.  Ganglioneuromas 
are  rich  in  unmyelinated  axons,  structures  gener- 
ally lacking  in  schwannoma  and  readily  identi- 
fied on  immunostains  for  neurofilament  protein. 
Myelinated  axons  are  a prominent  feature  in 
normal  and  overrun  dorsal  root  ganglia. 

By  its  content  of  palisaded  cells  and  Verocay- 
like  bodies,  the  palisaded  my o fibroblast oma  can 
mimic  schwannoma  (96).  Palisaded  myofibroblas- 
tomas  typically  involve  lymph  nodes,  usually  of  the 
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inguinal  region;  unequivocal  lymph  node  involve- 
ment by  schwannoma  has  yet  to  be  described. 
Palisaded  myofibroblastomas  do  not  express  S-100 
protein  but  may  show  smooth  muscle  actin  stain- 
ing. What  appear  at  first  glance  to  be  Verocay- 
like  bodies  are  in  actuality  patches  of  amianthoid 
collagen  fibers  (89,96).  Any  fibroblastic  or  myo- 
fibroblastic  process  that  may  be  mistaken  for 
schwannoma  can  readily  be  distinguished  by  a 
lack  of  immunoreactivity  for  S-100  protein. 

Treatment  and  Prognosis.  The  optimal 
treatment  of  schwannomas  is  gross  total  resection 
with  sparing  of  the  parent  nerve,  when  one  is 
identified  (fig.  7-2B,C).  Although  conventional 
schwannomas  are  benign,  incompletely  excised 
examples  are  capable  of  slow  recurrence. 

So-called  “giant  sacral  schwannomas”  are  es- 
pecially prone  to  local  recurrence  ( 1);  as  a result, 
the  parent  nerve  may  have  to  be  sacrificed.  As  a 
rule,  however,  the  overall  favorable  outcome  of 
schwannoma  permits  a conservative  approach, 
such  as  “gutting”  or  enucleation  in  which  it  is 
necessary  to  spare  nerve  function. 

A recent  clinicopathologic  study  found  that  pa- 
tients symptomatic  schwannomas  occurring  in  as- 
sociation with  NF2  not  only  present  with  more 
severe  neurologic  deficits,  but  experience  little 
postoperative  improvement  and  a higher  rate  of 
tumor  recurrence  (54b).  There  is  no  evidence  sup- 
porting the  notion  that  schwannomas  undergo 
accelerated  growth  during  pregnancy  (4).  Lastly, 
malignant  transformation  of  schwannoma  is  an 
exceedingly  rare  event  (see  chapter  11). 

CELLULAR  SCHWANNOMA 

Definition.  This  schwannoma  is  character- 
ized by  high  cellularity,  a largely  Antoni  A pat- 
tern, and  absence  of  well-formed  Verocay  bodies. 

General  Comments.  Since  its  original  char- 
acterization by  Woodruff  et  al.  (121),  several 
studies  have,  despite  initial  doubt  ( 106,116),  con- 
firmed that  cellular  schwannomas  are  benign 
and  do  not  represent  well -differentiated  MPNST. 
While  they  may  recur  nonaggressively,  they  lack 
netastatic  potential  (103,104,108,113,119,121). 
Tiie  recognition  of  cellular  schwannoma  permits 
nerve-sparing  surgery  and  obviates  both  radical 
surgery  and  adjuvant  radiation  or  chemother- 
apy. Its  slow  clinical  progression,  lack  of  a signif- 
icant association  with  neurofibromatosis,  and 


failure  to  metastasize  all  distinguish  this  tumor 
from  conventional  MPNST. 

Clinical  Features.  With  rare  exception  ( 103, 
119),  cellular  schwannomas  are  solitary  lesions. 
In  the  Mayo  Clinic  experience,  they  represent 
approximately  5 percent  of  benign  PNST  (103). 
Females  are  twice  as  often  affected  as  males. 
Although  they  occur  over  a wide  age  range,  with 
a maximal  incidence  in  the  fourth  decade  ( 119), 
nearly  5 percent  present  in  childhood  and  ado- 
lescence (103).  A similar  small  proportion,  2 to  4 
percent,  arise  in  the  setting  of  NF1  (103,108, 
119).  Cellular  schwannomas  grow  slowly,  some 
enlarging  imperceptibly  over  a period  of  as  many 
as  20  years.  Most  present  as  painless,  palpable 
masses,  but  a minority  produce  neurologic  symp- 
toms including  pain,  paresthesia,  or  weakness. 
Occasional  examples  are  incidentally  encoun- 
tered on  physical  examination  or  at  radiography. 
Cellular  schwannomas  show  a tendency  to  in- 
volve either  the  paravertebral  region  of  the  me- 
diastinum, pelvis,  or  retroperitoneum,  or  the 
intraspinal  space  (103).  Of  tumors  related  to  the 
spinal  space,  approximately  one  third  have  a 
dumbbell  configuration,  and  a similar  number 
show  bone  erosion.  In  one  large  series,  nearly  10 
percent  were  intracranial,  some  affecting  cranial 
nerves  5 and  8 (103).  Other  favored  sites  include 
the  head  and  neck  as  well  as  the  extremities 
(119).  Tumors  involving  the  limbs  rarely  occur 
distal  to  the  wrists  and  ankles  (119).  Dermal 
lesions  are  similarly  rare  (103).  Resectability  is 
in  large  part  dependent  upon  tumor  location.  As 
is  further  discussed  below,  recurrences  are  few 
and  are  slow  to  present;  no  metastases  have  been 
described,  nor  has  transformation  to  MPNST. 

Gross  Findings.  Like  conventional  schwan- 
nomas, cellular  schwannomas  are  well  circum- 
scribed and  encapsulated.  Approximately  one 
third  arise  from  a recognizable  nerve  (119);  these 
are  globular,  lie  eccentric  to  the  parent  nerve,  and 
lack  the  fusiform  configuration  often  seen  with 
nerve-associated  MPNSTs  (fig.  7-33A).  On  occa- 
sion, they  are  multinodular  (fig.  7-33B)  or  even 
assume  a plexiform  configuration  (see  fig.  7-50). 
Cellular  schwannomas  range  in  size  from  1 to  20 
cm  (mean,  5 cm).  Typically  rubbery  and  tan  with 
gray- white  or  yellow  areas  (fig.  7-33),  only  a 
small  minority  grossly  show  areas  of  cystic  de- 
generation. Foci  of  hemorrhage  are  common  but, 
unlike  in  MPNST,  gross  necrosis  is  generally  not 
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Figure  7-33 

CELLULAR  SCHWANNOMA 
Unlike  conventional  schwannoma,  the  cellular  variant  is 
often  more  fleshy  (A).  Nonetheless,  in  terms  of  its  gross 
encapsulation  and  the  eccentric  position  of  nerve-associated 
examples,  it  clearly  represents  a variant  of  schwannoma. 
Gross  multinodularity  ( B ) is  an  uncommon  feature.  Conven- 
tional schwannomas  occasionally  feature  a cellular  compo- 
nent (C).  This  example,  consisting  only  in  large  part  of  pale 
cellular  schwannoma  tissue,  underscores  the  close  relation- 
ship between  conventional  and  cellular  tumors. 


a feature.  Most  exhibit  a smooth  margin,  even  in 
areas  of  bone  erosion.  Radiographic  or  operative 
evidence  of  the  latter  is  most  frequently  seen  in 
tumors  of  the  lumbosacral  region  (119).  An  irreg- 
ular surface  is  decidedly  unusual,  as  is  partial 
lack  of  a capsule  (119)  or  focal  infiltration  of 
nearby  tissue  (fig.  7-34,  right). 

Microscopic  Findings.  Microscopically, 
cellular  schwannomas  exhibit  many  features  of 
conventional  schwannoma,  including  their  charac- 
teristic cytology  (fig.  7-35),  the  presence  of  a well- 
formed  capsule  (fig.  7-36A),  hyalinization  of  tumor 
vasculature  (fig.  7-36B),  and  collections  of  lipid- 
laden histiocytes  (fig.  7-36C).  Architecturally, 
they  differ  from  conventional  schwannoma  by 
their  higher  cellularity  (fig.  7-35);  more  uniform 
pattern;  frequent  capsular,  subcapsular,  and  peri- 
vascular lymphocytic  infiltrates  (fig.  7-36D);  and 
the  less  frequent  occurrence  of  hemosiderin  depos- 


its. All  examples  are  dominated  by  Antoni  A 
tissue  (fig.  7-35)  (119).  The  Antoni  B pattern, 
although  focally  present  in  nearly  two  thirds  of 
cases  in  one  series  (103),  generally  occupies  no 
more  than  10  percent  of  the  tumor  area  and  is 
often  subcapsular  in  location  (119).  Cellularity 
varies,  among  and  within  tumors  (fig.  7-37). 
Gross  cysts  are  unusual,  but  nearly  one  fourth 
exhibit  microcyst  formation  (103).  Microfoci  of 
necrosis  are  rare,  and  are  usually  solitary  find- 
ings. Such  foci  commonly  consist  of  circum- 
scribed areas  of  pale-staining  tissue  devoid  of 
nuclear  detail.  Unlike  the  geographic  necrosis  of 
MPNST,  foci  of  necrosis  in  cellular  schwannoma 
are  not  sharply  demarcated  and  almost  always 
lack  pseudopalisading  (fig.  7-34,  left).  In  some 
instances,  the  presence  of  necrosis  may  be  re- 
lated to  prior  trauma  (119).  On  close  inspection, 
hematoxylin  and  eosin-stained  sections  show  the 
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Figure  7-34 

CELLULAR  SCHWANNOMA 

Focal  nonpalisading  necrosis  (left)  and  occasional  limited  infdtration  of  nearby  structures,  the  urinary  bladder  in  this  case 
(right),  are  not  indicative  of  malignancy  and  are  seen  in  a minority  of  cases. 


presence  of  residual  nerve  within  the  capsule  in 
approximately  15  percent  of  cases  (103). 

The  predominant  Antoni  A component  of 
cellular  schwannomas  consists  of  sheets  of  occa- 
sionally interlacing  spindle  cells.  These  have 
thin  tapered  nuclei  with  frequent  but  not  invari- 
able hyperchromasia.  The  cytoplasm  is  eosino- 
philic and  afibrillar,  and  cell  borders  are  indis- 
tinct (fig.  7-39).  Some  nuclear  pleomorphism 
may  be  present  but  usually  does  not  approach 
that  noted  in  “ancient”  schwannomas  (fig.  7- 
39B,C).  In  a minority  of  cases,  vague  storiform 
and  ill-defined  fascicular  or  whorling  patterns 
may  be  evident  (fig.  7-40).  Nuclear  palisading 
has  been  noted  in  10  to  15  percent  of  cases  (fig. 
7-38A)  ( 103, 119),  but  well-formed  Verocay  bodies 
are  lacking  (119).  Aggregation  of  nuclei  into  tight 
clusters  is  also  occasionally  seen  (fig.  7-38B). 
Otherwise  typical  schwannomas,  when  seen 
with  such  clustering,  do  not  qualify  as  “cellular” 
1 Foci  of  loose  textured  myxoid  stroma  su- 
hcially  resembling  that  of  neurofibroma  are 
noted  in  approximately  10  percent  of  cases  (fig. 
7-38C)  (103,119).  Mitotic  figures  are  present  in 
up  to  70  percent  of  tumors  and  generally  range 


from  1 to  4 per  10  high-power  fields.  In  one  large 
series  (103),  half  of  the  tumors  exhibited  an 
average  of  1 mitotic  figure  per  10  high-power 
fields.  Although  examples  with  as  many  as  8 
mitoses  per  10  high-power  fields  have  been  re- 
ported (fig.  7-35,  left)  ( 119),  we  have  occasionally 
encountered  even  greater  proliferative  indices 
(fig.  7-39D).  Thus,  we  do  not  agree  with  those 
who  believe  brisk  mitotic  activity  is  indicative  of 
malignancy  in  these  tumors. 

Immunohistochemical  Findings.  As  with 
conventional  schwannomas,  cellular  schwan- 
nomas almost  always  show  strong,  uniform  S-100 
protein  immunoreactivity  (fig.  7-41A)  (103,104, 
108,119,121).  In  contrast,  Leu-7  stains  in  only 
one  third  to  half  the  cases  and  is  irregular  and 
patchy  (fig.  7-41B).  Myelin  basic  protein  reactiv- 
ity was  observed  commonly  in  one  series  (119). 
GFAP  staining  is  evident  in  nearly  half  of  tumors 
(103)  and  may  be  strong  (fig.  7-41C).  As  in  ordi- 
nary schwannomas,  the  presence  of  basement 
membrane  is  reflected  in  pericellular  laminin  or 
collagen  4 reactivity  (fig.  7-41D).  Unlike  peri- 
neurioma,  the  neoplastic  cells  of  cellular  schwan- 
noma do  not  stain  for  epithelial  membrane  antigen 
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Figure  7-35 

CELLULAR  SCHWANNOMA 

The  essential  histologic  feature  is  cellular  Antoni  A tissue  (left).  Due  to  the  presence  of  pericellular  basement  membrane,  cells 
are  individually  surrounded  by  reticulin  (right). 


( EMA).  The  scant  capsular  EMA reactivity  noted 
in  half  of  cellular  schwannomas  simply  reflects 
the  presence  of  residual  normal  perineurial  cells 
( 119).  Although  the  bulk  of  the  parent  nerve  usu- 
ally lies  within  the  capsule  of  conventional 
schwannomas,  individual  neurofilament-positive 
axons  are  occasionally  seen  within  peripheral 
portions  of  cellular  schwannomas,  particularly 
in  the  subcapsular  region  (fig.  7-41E)  (103,104). 

Immunostaining  for  proliferation  markers,  in- 
cluding proliferating  cell  nuclear  antigen 
(PCNA)  and  MIB-1  (Ki-67  antigen),  has  been 
studied  in  a large  series  of  cellular  schwannoma 
(103).  Nuclear  labeling  for  both  proliferation 
markers  varied  widely;  median  values  were  6 
percent  and  8 percent,  respectively  (fig.  7-41F). 
One  recent  series  compared  PCNA  and  MIB-1 
staining  in  benign  PNSTs,  including  conven- 
tional and  cellular  schwannomas,  to  that  in 
MPNST  (112).  Whereas  nearly  all  MPNSTs 
showed  MIB-1  labeling  indices  in  the  range  of  5 


to  65  percent,  neither  conventional  nor  cellular 
schwannoma  had  indices  in  excess  of  1 percent. 
Overlap  of  PCNA  indices  between  MPNST  and 
schwannoma  was  considerable,  and  the  most 
reliable  cutoff  value  was  75  percent. 

Ultrastructural  Findings.  Electron  mi- 
croscopy plays  a role  in  the  diagnosis  of  cellular 
schwannoma  and  in  its  distinction  from  light 
microscopically  similar  tumors  (see  below).  Al- 
though it  has  been  suggested  that  cellular  schwan- 
nomas may  be  less  fully  differentiated  than  con- 
ventional schwannomas  (105),  we  view  them  as 
well-differentiated  neoplasms  showing  the  full 
spectrum  of  Schwann  cell  features  (103,104,108, 
119,121).  Most  conspicuous  are  elongate,  inter- 
lacing processes  covered  with  a continuous,  oc- 
casionally duplicated  basement  membrane  and 
joined  by  poorly  developed  intercellular  junc- 
tions. As  previously  noted,  nuclei  are  more  abun- 
dant and  often  more  atypical  than  those  of  conven- 
tional schwannoma  (fig.  7-42).  This  is  manifested 
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Figure  7-36 

CELLULAR  SCHWANNOMA 

Encapsulation  is  a characteristic  feature  (A),  here  highlighted  on  trichrome  stain.  Also  diagnostically  helpful  is  the  finding  of 
vascular  hyalinization  (B)  and  patchy  histiocyte  accumulation  (C).  Patchy  capsular  (D,  top)  and  perivascular  (D,  bottom)  chronic 
inflammation  is  also  a common  finding. 


Schwannoma 


Figure  7-37 

CELLULAR  SCHWANNOMA 

Hypercellularity  may  be  uniform  (A)  or  patchy  (B).  Fields  in  which  cells  are  transversely  sectioned  may  appear  particularly 
cellular  (C). 
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Figure  7-38 
CELLULAR  SCHWANNOMA 

Unusual  features  of  cellular  schwannoma  include  regimentation  of  nuclei  in  a Verocay  body-like  manner  (A),  clustering  of 
nuclei  (B),  and  focal  stromal  myxoid  change  (C). 
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Figure  7-39 

CELLULAR  SCHWANNOMA 

Nuclear  uniformity  is  the  rule  (A),  but  some  pleomorphism  and  nucleolar  prominence  maybe  seen  (B).  Smudgy  degenerative 
nuclear  atypia  (C)  is  less  common  than  in  conventional  schwannomas.  Although  mitoses  vary  in  frequency,  from  scant  to 
occasional  in  most  cases,  they  may  be  conspicuous  (D). 
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Figure  7-40 

CELLULAR  SCHWANNOMA 

Although  Antoni  A tissue  comprises  most  if  not  all  of  these  tumors,  the  histologic  pattern  varies  and  includes  curving 
mscicles  (A),  straight  fascicles  (B),  and  compact  or  loose  cellular  whorls  (C,D). 


Schwannoma 


Figure  7-41 

CELLULAR  SCHWANNOMA 

Like  conventional  schwannoma,  the  cellular  variant  is  characterized  by  uniform  immunoreactivity  for  S-100  protein  (A),  patchy 
Leu-7  staining  (B),  frequent  staining  for  glial  fibrillary  acidic  protein  (C),  and  uniform  pericellular  reactivity  for  laminin  or  collagen  4 
(D).  While  residual  neurofilament-positive  axons,  when  encountered,  are  usually  seen  in  the  capsule,  they  may  occasionally  be  found 
within  subcapsular  portions  of  the  tumor  (E).  Stains  for  the  proliferation  marker  MIB-1  often  show  moderate  labeling  indices  (F). 
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Figure  7-42 

CELLULAR  SCHWANNOMA 
Nuclei  are  more  abundant  in  cellular  than  in  conven- 
tional schwannomas  (X6,800). 

by  irregular  contours,  increased  heterochroma- 
tin, and  larger  nucleoli  (fig.  7-43).  Abortive 
mesaxon  formation,  often  around  bundles  of 
stromal  collagen,  is  less  commonly  seen  than  in 
conventional  schwannoma.  Cytoplasm  is  moder- 
ate in  quantity  and  contains  scattered  nonspe- 
cific organelles,  small  numbers  of  intermediate 
filaments,  and  occasional  microtubules.  If  sam- 
pling includes  an  Antoni  B component,  scattered 
lysosomes  and  cytoplasmic  lipid  droplets  may  be 
seen.  The  intercellular  matrix  varies  in  quantity, 
particularly  in  terms  of  its  collagen  content. 
Long-spacing  collagen  is  less  commonly  ob- 
served in  cellular  schwannomas  (15  percent) 
than  in  conventional  tumors  (103,119). 

DNA  Flow  Cytometry.  A recent  study  of  the 
DNA  flow  cytometric  characteristics  of  cellular 
hwannoma  (103)  found  two  thirds  to  be  diploid 
; : id  the  remainder  equally  divided  among  tetraploid 
and  aneuploid  examples.  S-phase  determinations 
ranged  from  1 to  26  percent  (mean,  6.6  percent); 


Figure  7-43 

CELLULAR  SCHWANNOMA 

Note  nuclear  pleomorphism,  marginated  chromatin,  and 
tortuous  arrays  of  Schwann  cell  processes  (X10,600). 

values  for  diploid,  tetraploid,  and  aneuploid  tu- 
mors were  5.5,  5.5,  and  11.5  percent,  respectively. 
No  differences  in  S-phase  determinations  were 
noted  among  nonrecurring  and  recurring  tumors. 

Differential  Diagnosis.  Cellular  schwan- 
noma must  be  distinguished  from  sarcoma,  par- 
ticularly well- differentiated  MPNST.  Salient  fea- 
tures distinguishing  these  lesions  are  summarized 
in  Table  7-2.  Unlike  patients  with  cellular  schwan- 
noma, over  half  of  those  with  MPNST  have  NF1 
or  tumors  arising  within  a neurofibroma.  The 
gross  appearance  of  MPNSTs  also  differs  from  that 
of  cellular  schwannoma  in  that  MPNSTs  more 
often  originate  in  large  nerves,  are  often  fusiform 
rather  than  globular,  typically  possess  a pseudo- 
capsule rather  than  a well-formed  fibrous  cap- 
sule, and  are  gray-tan  on  cut  surface,  often  show- 
ing obvious  areas  of  necrosis.  Microscopic  foci  of 
necrosis  are  typically  geographic  and  are  bor- 
dered by  palisaded,  poorly  differentiated  cells. 
Vascular  hyalinization,  perivascular  lymphocytic 
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Table  7-2 

CONVENTIONAL  SCHWANNOMA,  CELLULAR  SCHWANNOMA,  AND 
MPNST:  DIFFERENTIAL  DIAGNOSIS 


Findings 


Conventional  Cellular 

Schwannoma  Schwannoma  MPNST 


Gross 


Microscopic 


Electron  Microscopy 


Clinical  Behavior 


Usually  globoid  encapsu- 
lated tumor  that  has 
abundant  homogeneous 
light  tan  tissue,  and  may 
be  cystic  or  hemorrhagic 
and  show  yellow  patches. 
No  gross  necrosis. 

Antoni  A and  B areas  with 
Verocay  bodies;  commonly 
find  hyalinized  thick- 
walled  blood  vessels  and 
lipid-laden  histiocytes. 
Mitotic  figures  infre- 
quent. Rarely  see  malig- 
nant transformation. 


Well-differentiated  cells 
with  long,  often  interlac- 
ing cytoplasmic  processes 
coated  by  basement  mem- 
brane on  their  free  sur- 
faces. Intercellular  long- 
spacing  collagen  common. 

May  cause  bone  erosion 
and  can  recur  if  in- 
completely excised.  Thus 
far  5 reported  examples 
with  malignant  transfor- 
mation that  followed  a ma- 
lignant clinical  course. 


Usually  globoid  encapsu- 
lated tumor,  tinner  than 
classic  schwannoma  and 
homogeneously  tan.  Occa- 
sional patches  of  yellow,  but 
no  gross  necrosis. 

Mainly  hypercellular  An- 
toni A tissue.  Cells  are  ar- 
ranged in  fascicles  or  whorls 
and  may  show  marked 
hyperchromasia  and  nu- 
clear pleomorphism.  Nota- 
ble are  lymphoid  deposits 
in  capsule  or  perivascular 
area.  Commonly  find  thick- 
walled  blood  vessels  and 
collections  of  lipid-laden 
histiocytes.  Rare  foci  of  ne- 
crosis. Mitoses  not  uncom- 
mon but  usually  numbers 
no  more  than  4/10  HPF. 

Diffuse  and  strong  expres- 
sion of  S-100  protein. 

Similar  to  classic  schwan- 
noma. Increased  cellularity. 
More  nuclear  at  vpia  and  oc- 
casional residual  arrays  of 
long,  basement  membrane- 
coated  cytoplasmic  pro- 
cesses. Long-spacing  colla- 
gen less  common. 

May  cause  bone  erosion 
and  recur  if  incompletely 
excised.  Thus  far  no  clini- 
cally malignant  examples. 


Fusiform  or  globoid, 
pseudocapsulated  (infil- 
trative of  surrounding  tis- 
sues), firm,  cream-tan, 
usually  grossly  necrotic 
tumor. 

Markedly  hypercellular, 
fasciculated,  spindle  cell 
tumor  generally  consisting 
of  cells  of  a uniform  size 
and  pronounced  hyper- 
chromasia. Geographic 
necrosis  and  mitotic 
counts  in  excess  of  4/10 
HPF  are  common.  Epithe- 
lioid cells  predominate  in 
about  5 percent  of  tumors 
and  15  percent  show  het- 
erologous glandular  or 
sarcomatous  elements. 

S-100  protein  expression 
in  scattered  cells  of  50-70 
percent  of  cases. 

Poorly  differentiated  cells 
with  more  pleomorphic 
nuclei,  thick  cytoplasmic 
processes,  and  sometimes 
patchy  basement  mem- 
brane. Long-spacing  colla- 
gen rarely  seen. 

Has  a proclivity  to  invade 
and  destroy  nearby  soft  tis- 
sues, recur  locally,  and  me- 
tastasize distantly  (usually 
to  lung).  About  90  percent 
are  high-grade  lesions. 


Immunohistochemical  Diffuse  and  strong  expres- 
sion of  S-100  protein. 


infiltrates,  collections  of  lipid-laden  histiocytes, 
hemosiderin  deposits,  and  minor  Antoni  B compo- 
nents are  common  in  cellular  schwannoma  but 
are  lacking  in  MPNSTs.  Mitotic  activity  is  far 
higher  in  MPNSTs  than  in  cellular  schwan- 
nomas, often  in  excess  of  10  per  10  high-power 
fields.  Divergent  differentiation,  a rare  occur- 
rence in  schwannomas  of  any  type,  is  evident  in 
nearly  10  percent  of  MPNSTs.  The  uniform  S-100 


protein  reactivity  of  cellular  schwannomas  also 
differs  from  that  of  MPNST  which  is  often  scat- 
tered or  patchy  at  best.  Only  the  occasional  well- 
differentiated  MPNST  shows  significant  S-100 
protein  immunoreactivity.  Whereas  such  rare 
tumors  may  also  exhibit  limited  GFAP  reactivity 
(109).  Staining  for  GFAP  is  far  more  often  seen 
in  benign  rather  than  malignant  nerve  sheath 
tumors  (115).  The  same  is  true  of  staining  for 
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collagen  4 or  laminin.  Ultrastructurally,  the  uni- 
form Schwann  cell  differentiation  seen  in  cellu- 
lar schwannoma  is  lacking  in  most  MPNSTs, 
wherein  cells  are  usually  poorly  differentiated 
and  show  only  patchy  basement  membrane  for- 
mation (107,110,111). 

Cellular  schwannomas  on  occasion  exhibit  foci 
resembling  neurofibroma.  Such  lesions  pose  a 
diagnostic  problem,  given  the  fact  that  neurofi- 
bromas can  give  rise  to  MPNST.  The  distinction 
from  neurofibroma  rests  with  the  higher  cellu- 
larity  of  cellular  schwannoma,  and  the  larger, 
less  uniform  size  and  shape  of  its  nuclei.  Unlike 
in  neurofibroma,  S-100  protein  reactivity  in 
cellular  schwannoma  is  present  in  virtually  all 
cells,  even  those  in  neurofibroma-like  areas. 
Lastly,  neurofilament  protein  stains  generally 
show  more  residual  axons  with  neurofibromas 
than  schwannomas. 

To  date,  no  bona  fide  examples  of  cellular 
schwannoma  have  been  shown  to  undergo  malig- 
nant change  or  to  metastasize.  Indeed,  those  rare 
schwannomas  having  done  so  have  been  conven- 
tional forms  of  the  tumor.  Furthermore,  schwan- 
nomas with  malignant  transformation  do  not  his- 
tologically resemble  ordinary  MPNST,  but  assume 
an  epithelioid  or  a primitive  neuroectodermal 
tumor  (PNET)-like  appearance  (119,120).  The 
subject  is  further  discussed  in  chapter  11. 

Unlike  cellular  schwarmoma,  leiomyosarcoma 
lacks  a fibrous  capsule,  and  on  cut  surface  often 
exhibits  a distinctive  whorled  pattern.  No  asso- 
ciated nerve  involvement  is  evident.  Nuclei  often 
are  blunt-ended  rather  than  tapered  like  those 
of  Schwann  cells.  The  cells  of  leiomyosarcoma 
are  somewhat  better  defined  and,  with  optimal 
fixation,  their  cytoplasm  is  seen  to  be  fibrillar. 
Such  fibrils  are  highlighted  on  trichrome  or 
PTAH  stains  by  which  they  appear  red  or  blue, 
respectively.  Immunostains  for  actin  are  fre- 
quently positive,  but  desmin  stains  are  less  often 
so.  With  rare  exception  (117),  S-100  protein  re- 
activity is  lacking  in  leiomyosarcoma.  Ultra- 
structurally, the  cytoplasm  of  leiomyosarcoma 
cells  may  be  micro  filament  (actin)  rich,  espe- 
ally  in  well-differentiated  examples.  On  careful 
study,  fusiform  dense  bodies,  subplasmalemmal 
attachment  plaques,  and  pinocytotic  vesicles 
may  be  found.  Basement  membrane  formation 
is  common  to  both  Schwann  cell  and  smooth 


muscle  tumors,  but  the  latter  lack  long-spacing 
collagen  (Luse  bodies). 

Unlike  cellular  schwannomas,  fibrosarcomas 
exhibit  linear  rather  than  curved  or  sinuous 
nuclear  and  cytoplasmic  outlines.  The  cells  form 
parallel  arrays  which  contribute  to  the  forma- 
tion of  a fascicular,  often  “herringbone”  pattern. 
They  also  have  more  distinct  cytoplasmic  bor- 
ders. Like  most  soft  tissue  tumors,  fibrosarcomas 
are  strongly  vimentin  reactive,  but  do  not  stain 
for  Schwann  cell  markers,  including  S-100  pro- 
tein, Leu-7,  and  myelin  basic  protein.  Ultra- 
structurally, the  cytoplasm  of  fibrosarcomas  con- 
tains an  often  well-developed,  branching  rough 
endoplasmic  reticulum  as  well  as  a prominent 
Golgi  apparatus.  Basement  membrane  formation 
is  absent  in  fibrosarcoma,  but  may  be  focally  pres- 
ent in  myofibroblastic  tumors. 

Cellular  schwannomas  must  also  be  distin- 
guished from  meningioma,  particularly  ones  occur- 
ring in  the  posterior  fossa,  at  the  skull  base,  or  in  the 
intraspinal  space.  Unlike  schwannoma,  a nerve-as- 
sociated tumor,  meningiomas  are  dura  based.  En- 
largement of  the  spinal  foramen  is  a common 
feature  of  schwannoma,  but  is  infrequent  in 
meningioma.  At  the  microscopic  level,  meningi- 
omas lack  the  hyaline  capsule  of  a schwannoma 
as  well  as  Antoni  A and  B pattern  variation. 
Although  a hyaline  vasculature  is  common  to 
both,  schwannomas  more  often  show  perivascu- 
lar macrophage  and  hemosiderin  deposition. 
Collagen  disposition  in  schwannoma  is  generally 
reticular,  diffuse,  and  intercellular,  whereas  in 
meningioma  it  takes  the  form  of  bands  or  blocks. 
A dense  intercellular  pattern  of  reticulin  stain- 
ing is  characteristic  of  schwannoma,  but  not  of 
ordinary  meningioma;  only  the  uncommon  fi- 
brous variant  of  meningioma  shows  such  exten- 
sive stroma  formation.  Although  schwannomas 
may  show  whorled  cells,  such  whorls  are  vague 
rather  than  discrete  and  tightly  wound  as  in 
meningioma.  Psammoma  bodies,  a common  fea- 
ture of  meningioma,  are  largely  limited  to  the 
melanotic  variant  of  schwannoma.  At  the  immu- 
nohistochemical  level,  schwannomas  are  readily 
recognized  by  their  diffuse,  strong  S-100  protein 
reaction.  In  contrast,  only  20  percent  of  menin- 
giothelial  or  transitional  meningiomas  exhibit 
patchy  S-100  protein  reactivity  (118).  Extensive 
staining  may,  however,  be  seen  in  fibrous 
meningiomas  (101).  A membrane  pattern  of 
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staining  for  epithelial  membrane  antigen  is 
characteristic  of  meningiomas;  instead,  the  occa- 
sional staining  seen  in  schwannomas  is  patchy 
and  cytoplasmic  in  distribution  (118).  Reactivity 
for  GFAP  may  be  seen  in  central  and  peripheral 
nervous  system  schwannomas  ( 102,103 ) but  is  not 
observed  in  meningioma.  Ultrastructure  readily 
distinguishes  schwannoma  from  meningioma  in 
that  the  former  exhibits  long  entangled  processes 
enshrouded  by  basement  membranes.  In  con- 
trast meningioma  shows  interdigitation  of  cell 
membranes  and  well-formed  desmosomes,  but 
lacks  basement  membranes. 

Treatment  and  Prognosis.  Given  the  be- 
nign nature  of  cellular  schwannoma,  therapy 
should  be  conservative  and  directed  towards 
sparing  the  parent  nerve.  Depending  upon  tumor 
location,  the  extent  of  tumor  resection  achieved 
varies  considerably  among  reported  series.  In 
those  series  dealing  primarily  with  peripherally 
situated  tumors,  90  percent  were  amenable  to 
gross  total  removal,  with  a recurrence  rate  of  5 
percent  (119).  In  contrast,  cellular  schwannomas 
affecting  the  intracranial  space,  spinal  canal,  and 
paravertebral  region  are  more  often  debulked;  their 
frequency  of  gross  total  removal  falls  to  10  percent 
( 103 ).  The  rate  of  recurrence  in  one  series  in  which 
central  lesions  were  numerous  averaged  16  percent; 
recurrence  is  particularly  high  in  intraspinal  (33 
percent),  sacral  (37  percent),  and  intracranial  (40 
percent)  lesions  (103).  The  rate  of  tumor  growth, 
whether  of  primary  or  recurrent  lesions,  is  slow.  In 
some  cases  the  interval  to  recurrence  may  be  as 
long  as  two  decades;  in  the  three  largest  series  the 
mean  time  to  recurrence  was  7 years  ( 103,112,119). 
Occasional  tumors  undergo  multiple  recurrences. 
Although  there  is  no  statistically  significant  associ- 
ation between  recurrence  and  PCNA  or  MIB-1  la- 
beling indices,  a statistically  significant  association 
with  mitotic  index  has  been  reported  (103).  To 
date,  no  cellular  schwannoma  has  metastasized, 
nor  have  patients  died  of  tumor. 

PLEXIFORM  SCHWANNOMA 

Definition.  This  tumor  is  composed  exclu- 
sively of  Schwann  cells  and  exhibits  plexiform, 
most  often  intraneural,  growth. 

General  Comments.  Schwannomas  of  the 
conventional  or  cellular  variety  are  occasionally 
multinodular  or  plexiform  in  configuration  (122, 


123-127,129-131,135).  Such  tumors  primarily 
arise  in  dermal  and  subcutaneous  tissue  of 
young  adults  and  are  usually  unassociated  with 
NF1  or  2. 

Clinical  Features.  Of  the  approximately  50 
cases  of  plexiform  schwannoma  thus  far  re- 
ported, patient  ages  have  ranged  from  50  days  to 
80  years  (mean,  34  years).  About  75  percent 
occur  in  the  first  four  decades.  Both  sexes  are 
equally  represented.  Three  patients  had  NF1 
(129,131,132)  and  a number  have  had  associated 
NF2  ( 128a,  133 ).  Only  three  congenital  cases  have 
been  reported  (122,126,131).  Commonly,  the 
mass  had  been  present  for  years  before  diagnosis. 
Occasional  tumors  are  painful  or  tender  ( 129).  At 
least  90  percent  of  plexiform  schwannomas  arise 
in  the  dermis  or  in  subcutaneous  tissue.  Most  often 
affected  is  an  extremity,  followed  by  the  trunk  and 
the  head  and  neck.  Rare  examples  present  in  the 
oral  mucosa  (123),  vulva  (135),  and  penis  (130); 
visceral  examples  are  very  rare  (fig.  7-44)  (128). 
Multicentricity  is  infrequent  (129,132,133). 

Gross  Findings.  Plexiform  schwannomas 
often  are  relatively  circumscribed,  gray-yellow 
or  tan  lesions  composed  of  nodules  representing 
segments  of  enlarged  contorted  nerve  (figs.  7-44, 
7-45).  Few  are  grossly  obvious;  most  are  best 
appreciated  at  low  magnification  microscopy  (fig. 
7-46).  The  reported  average  dimensions  range 
from  1.2  to  2.4  cm.  Large  tumors  (over  10  cm)  are 
rare  (fig.  7-44)  or  involve  viscera  (fig.  7-45)  (128, 
135).  Occasional  soft  tissue  schwannomas  assume 
a somewhat  but  not  fully  developed  plexiform 
configuration  ( see  fig.  7-8C).  Unless  such  lesions 
are  traumatized,  neither  hemorrhage  nor  necro- 
sis are  grossly  evident.  As  in  conventional 
schwannoma,  the  occasional  finding  of  compres- 
sive erosion  of  adjacent  bone  is  of  no  prognostic 
significance  (fig.  7-44,  bottom).  Particularly  in 
children,  occasional  examples  are  poorly  circum- 
scribed and  infiltrative  (131). 

Histologic  Findings.  Microscopically,  the 
tumors  consist  of  round  to  oval  nodules  of  varying 
size  (fig.  7-47).  Large  nodules  are  often  sur- 
rounded by  a thin  fibrous  capsule  (fig.  7-47,  right) 
or  are  unencapsulated.  The  number  of  nodular 
profiles  comprising  a tumor  ranges  from  2 to  at 
least  50  ( 126,135).  In  many  instances,  serial  sec- 
tions show  that  the  nodular,  puzzle  piece-shaped 
profiles  are  interconnecting  ( fig.  7-46 ).  A majority 
of  tumors  are  composed  entirely  of  compact 
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Figure  7-44 

PLEXIFORM  SCHWANNOMA 
This  unusually  large,  recently 
growing  example  ( top ) from  the  skin 
and  subcutaneous  tissue  of  the  hip  of 
a 78-year-old  man  had  been  present 
for  over  50  years,  and  had  been  the 
basis  of  a draft  deferment.  Note  the 
plexiform,  nodular  appearance  of 
the  lesion,  as  well  as  its  focal  yellow 
color,  a reflection  of  lipid  accumula- 
tion. (Fig.  1 from  Hirose  T,  Scheit- 
hauer  BW,  Sano  T.  Giant  plexiform 
schwannoma:  report  of  two  cases 
with  soft  tissue  and  visceral  in- 
volvement. Mod  Pathol  1997;11: 
1075-81. ) As  in  the  case  of  conven- 
tional schwannoma  (see  fig.  7-5), 
plexiform  tumors  abutting  bone 
may  cause  osseous  erosion  (bot- 
tom ).  In  this  case  the  site  of  erosion 
was  the  cortex  of  the  tibial  bone. 
Thirteen  months  earlier,  a plexi- 
form schwannoma  had  been  re- 
sected from  the  leg  of  this  18- 
month-old  boy  (see  ref.  122). 


cellular  Antoni  A tissue  (fig.  7-46);  only  a few 
feature  Antoni  B tissue,  and  even  fewer  show 
Verocay  body  formation.  More  common  than  the 
latter  are  solitary,  simple  arrays  of  palisaded 
nuclei  (nuclear  palisades)  (fig.  7-48A),  sweeping 
arrays  of  cells  (fig.  7-48B),  or  cloverleaf-like  clus- 
ters of  nuclei  (fig.  7-48C ).  The  cytologic  features  are 
typical  of  schwannoma  (fig.  7-49).  Degenerative 
nuclear  atypia  may  be  seen  but,  as  a rule,  mitoses 
are  rare  (fig.  7-49)  and  necrosis  is  absent.  Some 
tumors  are  sufficiently  cellular  to  be  placed  in 
the  cellular  schwannoma  category  (fig.  7-50). 

A subset  of  plexiform  schwannoma  recently 
reported  by  Meis-Kindblom  and  Enzinger  (131) 
and  designated  “plexiform  malignant  peripheral 
nerve  sheath  tumors  of  infancy  and  childhood,” 
includes  some  examples  featuring  infiltrative 
growth  resembling  entangled  hypercellular 
nerves.  The  tumors  in  this  subgroup  are  usually 
trkedly  hypercellular,  with  hyperchromatic 
nuclei  and  a somewhat  increased  mitotic  index 
(mean,  4 per  10  high-power  fields).  We  have 
independently  studied  some  of  the  cases  re- 
ported by  these  authors:  ultrastructurally,  one  of 


the  tumors  was  composed  of  differentiated 
Schwann  cells  (122),  and  all  were  strongly  im- 
munoreactive  for  S-100  protein.  Based  on  this, 
we  consider  these  tumors,  with  the  possible  ex- 
ception of  one  congenital  orbital  lesion,  to  be 
plexiform  cellular  schwannomas  (134). 

Immunohistochemical  Findings.  Plexi- 
form schwannomas  are  reactive  for  S-100  pro- 
tein (fig.  7-51,  left)  (129,130)  and  in  most  cases 
for  GFAP  ( 129 ).  As  in  other  Schwann  cell  tumors, 
reactivity  for  S-100  protein  is  present  in  both 
nuclei  and  cytoplasm  ( 130).  Consistent  but  weak 
reactivity  for  neuron-specific  enolase  has  been 
reported,  but  none  stained  for  myelin  basic  pro- 
tein (129).  Neurofilament  protein  stains  show 
small  numbers  of  residual  axons  coursing  within 
the  plexiform  structures  (fig.  7-51,  right). 

Ultrastructural  Findings.  The  fine  struc- 
tural features  of  plexiform  schwannoma  are 
identical  to  those  of  conventional  schwannoma 
(figs.  7-52,  7-53)  (124,128,135). 

Differential  Diagnosis.  The  differential  diag- 
nosis includes  plexiform  neurofibromas,  palisaded 
encapsulated  neuroma,  traumatic  neuroma,  and 
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Figure  7-45 

PLEXIFORM  SCHWANNOMA 
This  giant  visceral  example  (A)  arose  in  the 
colon  of  a 54-year-old  male  without  neurofibro- 
matosis. Note  the  polypoid  intraluminal  and  sero- 
sal components  (B).  Microsections  show  typical 
schwannoma  features  including  Verocay  bodies 
(C).  (Fig.  2 from  Hirose  T,  Scheithauer  BW,  Sano 
T.  Giant  plexiform  schwannoma:  report  of  two 
cases  with  soft  tissue  and  visceral  involvement. 
Mod  Pathol  1997;11:1075-81.) 


cutaneous  leiomyoma.  The  distinction  from 
plexiform  neurofibroma  is  based  upon  the  uni- 
form appearance  of  ovoid  to  spindled  nuclei  in 
neurofibromas,  ones  smaller  and  more  widely 
spaced  than  those  of  plexiform  schwannoma.  The 
cells  of  neurofibroma  are  often  separated  by  large 
collagen  bundles  and  an  abundant  mucinous  ma- 
trix. Unlike  the  uniform  staining  of  schwannoma, 
S-100  protein  preparations  are  reactive  in  only  a 
portion  of  neurofibroma  cells.  Plexiform  schwan- 
nomas are  most  closely  simulated  by  palisaded 
encapsulated  neuroma  (PEN).  The  latter,  al- 
though usually  uninodular,  may  occasionally 
have  a somewhat  multinodular  configuration, 
and  features  vague  microfasciculation,  little  or 
no  well-formed  nuclear  palisades,  and  far  more 
abundant  axonal  processes.  Numerous  intralesio- 
nal  axons  are  an  even  more  prominent  feature  in 


traumatic  neuroma,  a process  lacking  the  circum- 
scription and  nuclear  palisading  of  plexiform 
schwannoma.  In  addition,  an  obvious  parent 
nerve  is  often  seen  in  traumatic  neuroma.  Cuta- 
neous leiomyoma  is  composed  of  cells  with  more 
dense,  fibrillated  cytoplasm,  and  may  readily  be 
distinguished  from  plexiform  schwannoma  by 
staining  for  muscle  markers  such  as  HHF35 
( muscle  common  actin ) and  smooth  muscle  actin. 

Treatment  and  Prognosis.  The  prognosis 
for  patients  with  plexiform  schwannoma  is  excel- 
lent following  simple  excision  alone.  Only  one  of 
the  well-circumscribed  tumors  reported  in  adults 
recurred  locally;  this,  the  largest  plexiform 
schwannoma  yet  reported,  was  a 15  x 10  x 4 cm 
tumor  removed  from  the  vulva  of  a 26-year-old 
woman  (135).  The  tumor  focally  had  a mitotic 
count  of  8 per  10  high-power  fields.  There  were 
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Figure  7-46 

PLEXIFORM  SCHWANNOMA 

Cellular,  worm-like  expansions  of  dermal  nerves  appear  oval  (left)  or  geometric  in  contour  (right).  Like  puzzle  pieces,  the 
profiles  are  separated  one  from  the  other  and  from  surrounding  connective  tissue  by  cracking  artifact. 


Figure  7-47 

PLEXIFORM  SCHWANNOMA 

Whole  mount  sections  of  two  cutaneous  examples.  The  profile  of  a small  tumor  (left)  lies  among  skin  adnexae.  A larger 
tumor  (right)  affects  dermal  and  subcutaneous  nerves  and  shows  cystic  change. 


two  local  recurrences,  the  first  measuring  3 mm 
and  the  second  5 mm  in  greatest  dimension.  This 
patient  was  alive  and  well  after  3 years. 

In  contrast,  five  of  the  nine  plexiform  schwan- 
nomas of  infants  and  children  reported  by  Meis- 
• indblom  and  Enzinger  (131)  recurred  locally  8 
to  31  months  following  initial  excision.  Some  of 
these  were  originally  infiltrative,  noncircum- 


scribed  tumors.  Of  the  nine  patients,  the  tumor 
of  one  recurred  to  invade  bone.  Yet  another  pa- 
tient, a newborn  with  an  orbital  lesion,  died  of 
locally  invasive  tumor  within  1 year.  Because  of 
the  presence  of  high  cellularity,  a mean  mitotic 
rate  of  4 per  10  high-power  fields,  local  recurrence 
in  four  cases,  locally  aggressive  behavior  in  two 
of  six  cases  with  follow-up,  and  death  of  the  one 
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Figure  7-48 

PLEXIFORM  SCHWANNOMA 

In  addition  to  nuclear  palisading  (A)  and  vague  Verocay  body  formation  (B),  this  uncommon  example  features  epithelioid 
cells  in  a cloverleaf-like  arrangement  (C). 
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Figure  7-49 

PLEXIFORM  SCHWANNOMA 
The  cytologic  features,  which  include  spindle  cells  with  dense 
eosinophilic  cytoplasm,  are  those  of  conventional  schwannoma. 


patient  with  an  orbital  lesion,  Meis-Kindblom 
and  Enzinger  considered  these  tumors  to  be  low- 
grade  MPNSTs.  We  differ  in  opinion.  With  the 
exception  of  the  orbital  lesion,  we  consider  them 
to  represent  a variant  of  plexiform  schwannoma. 
In  our  experience,  marked  hypercellularity,  mi- 
totic activity,  local  recurrence,  and  even  bone 
involvement  may  be  seen  in  plexiform  schwan- 
nomas of  the  cellular  type  (134). 

MELANOTIC  SCHWANNOMA 

Definition.  This  is  an  often  circumscribed 
nerve  sheath  tumor  composed  of  melanin-pro- 
lucing  cells  with  ultrastructural  features  of 
vann  cells.  The  large  majority  are  benign. 
Synonyms  include  pigmented  schwannoma, 
melanogenic  schwannoma,  and  melanotic  nerve 
sheath  tumor. 


U ■ 

Figure  7-50 

PLEXIFORM  CELLULAR  SCHWANNOMA 


Due  to  high  cellularity  a minority  of  tumors  qualify  for  the 
designation  “cellular.” 


General  Comments.  Since  Millar’s  1932  de- 
scription of  a pigmented  tumor  of  a sympathetic 
ganglion  (183)  and  Hodson’s  1961  report  of  a 
somatic  nerve  example  and  his  correct  identifica- 
tion of  it  as  a schwannoma  ( 163),  over  70  patients 
with  one  or  more  melanotic  schwannomas  have 
been  reported  (136-143,146,148-151,153,155- 
164,166-174,176-182,184-189,193-198,200-203, 
205,206).  Melanotic  schwannomas  are  classifiable 
as  peripheral  nerve  sheath  tumors  due  to  the  often 
accompanying  neurological  signs  and  symptoms, 
and  to  the  tendency  of  these  tumors  to  involve 
identifiable  somatic  and  autonomic  nerves. 
Unique  by  virtue  of  often  heavy  pigmentation, 
their  basic  features  are  nonetheless  those  of 
schwannoma.  The  cells  are  predominately  spin- 
died,  often  exhibit  cellular  whorl  formation  and 
palisading  of  nuclei,  and  are  consistently  immuno- 
reactive  for  S-100  protein.  Ultrastructural  findings 
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Figure  7-51 

PLEXIFORM  SCHWANNOMA 

Left:  As  in  conventional  schwannoma,  the  tumor  cells  are  S-100  protein  positive. 
Right:  Occasional  nerve  fibers  may  be  seen  on  neurofilament  protein  stain. 


Figure  7-52 
PLEXIFORM 
SCHWANNOMA 
At  the  ultrastructural  level, 
this  tumor  (same  case  as  fig.  7-45, 
top)  shows  the  features  of  typical 
Schwann  cells,  including  cyto- 
plasmic intermediate  filaments 
and  processes  covered  by  base- 
ment membrane  (X5,000). 
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Figure  7-53 

PLEXIFORM  SCHWANNOMA 
Note  occasional  Luse  bodies  (long-spacing  collagen)  in  an 
intercellular  space  (X10,025). 

also  indicate  Schwann  cell  differentiation  and 
include  elongate  cell  processes  lined  by  continu- 
ous or  discontinuous  basement  membrane,  as 
well  as  intercellular  aggregates  of  long-spacing 
collagen  (Luse  bodies).  Dissimilarities  with  con- 
ventional schwannoma  include  the  absence  of 
clear-cut  Antoni  A and  B tissue  as  well  as  Verocay 
bodies,  the  frequent  presence  of  epithelioid  cells, 
occasional  psammoma  bodies  and  adipose  tissue 
components,  and  ultrastructural  evidence  of 
melanin  synthesis  by  tumor  cells. 

Psammoma  bodies  are  observed  in  approxi- 
mately 40  to  50  percent  of  melanotic  schwannomas. 
Over  half  of  patients  with  such  “psammomatous 
■ danotic  schwannomas ” have  Carney’s  com- 
a dominantly  transmitted  autosomal  disor- 
! 143-145).  The  nonoccurrence  of  conven- 
tional schwannoma  in  patients  with  Carney’s 
complex  and  of  melanotic  schwannoma  in  pa- 
tients with  NF2  underscores  the  fundamental 


difference  between  these  two  principal  forms  of 
schwannoma.  In  further  contrast  to  classic 
schwannoma,  among  which  examples  showing 
malignant  change  are  rare,  approximately  10  per- 
cent of  all  melanotic  schwannomas  are  malignant. 

Clinical  Features.  Melanotic  schwannomas 
have  occurred  in  patients  10  to  84  years  of  age,  but 
their  peak  incidence  is  in  the  fourth  decade  (mean 
age,  37  years).  A slight  female  predominance  is 
noted  at  a ratio  1.4  to  1.  While  widely  distributed, 
the  tumor  shows  a predilection  for  spinal  nerve 
involvement  (46  percent  of  patients),  particularly 
at  the  cervical  and  thoracic  levels  (fig.  7-54).  A 
small  minority  involve  autonomic  nerves  of  the 
alimentary  tract  (stomach,  sigmoid  colon,  rectum, 
and  esophagus ).  Spinal  nerves  are  more  commonly 
involved  by  nonpsammomatous  tumors,  whereas 
the  majority  of  alimentary  tract  tumors  are  of 
the  psammomatous  type.  Tumors  of  the  trigem- 
inal ganglion,  acoustic  nerve,  sympathetic  gan- 
glia, and  the  eye  have  been  reported.  Unusual 
sites  include  the  heart,  liver,  bronchus,  soft  tis- 
sues, bone,  and  soft  palate.  Symptoms  at  presen- 
tation relate  to  involvement  of  a nerve  (pain  or 
sensory  abnormality)  or  to  mass  effect  within  an 
organ  or  soft  tissue.  Bone  erosion  may  be  noted, 
particularly  in  spinal  nerve  root  tumors,  the 
expansile  growth  of  which  affects  vertebral  fo- 
ramina. Frank  destruction  of  bone  is  more  often 
a feature  of  malignant  examples. 

Fifty-five  percent  of  patients  with  psammom- 
atous melanotic  schwannoma  have  Carney’s  com- 
plex (143),  an  often  familial  disorder  transmitted 
as  an  autosomal  dominant  trait  (144,145).  The 
mean  age  at  diagnosis  of  patients  with  Carney’s 
complex  and  melanotic  schwannoma,  27  years,  is 
a full  decade  earlier  than  that  of  patients  with 
ordinary  melanotic  schwannoma.  In  addition  to 
the  melanotic  schwannomas,  which  affect  primar- 
ily posterior  spinal  nerve  roots,  upper  alimentary 
tract,  bone,  and  skin,  the  principal  features  of  the 
complex  are  quite  characteristic  (fig.  7-55)  (143— 
145,145a)  and  include:  lentiginous  pigmentation 
(65  percent);  myxomas  of  the  heart  (65  percent), 
skin  (25  percent),  or  breast  (20  percent);  endocrine 
overactivity  (10  percent);  and  blue  nevi  (10  per- 
cent). Pigmentation  (fig.  7-55A)  involves  primar- 
ily the  face  (lips,  lacrimal  caruncle,  conjunctival 
semilunar  fold)  and,  in  females,  the  external 
genitalia.  Endocrinopathy  includes  Cushing’s 
syndrome  (25  percent)  associated  with  pigmented 
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Figure  7-54 

SPINAL  MELANOTIC  SCHWANNOMA 

At  surgery,  this  deeply  pigmented  spinal  tumor  (left)  arose  in  relation  to  a T5  nerve  root,  but  was  seen  to  be  partially 
embedded  within  the  spinal  cord.  More  common  are  examples  arising  nearby  sympathetic  ganglia;  seen  here  (right)  is  an 
affected  ganglion  adjacent  to  a heavily  pigmented  tumor  which  grossly  resembled  tar. 


nodular  adrenocortical  disease  (fig.  7-55C,D), 
sexual  precocity  (30  percent)  resulting  from 
large  cell  Sertoli  cell  tumors  of  the  testis,  and 
acromegaly  (8  percent)  due  to  pituitary  ade- 
noma. The  blue  nevi  affect  primarily  the  extrem- 
ities and  trunk,  are  typically  multiple  and  small, 
and  may  be  either  of  the  conventional  or  epithe- 
lioid type  (145a). 

In  a small  minority  of  instances,  melanotic 
schwannomas  may  be  multiple;  at  least  three  in- 
dividuals have  been  reported  to  have  four  or  more 
tumors  (143,148,158).  Whereas  the  incidence  of 
multiplicity  of  nonpsammomatous  melanotic 
schwannomas  is  unknown,  that  of  psammomat- 
ous tumors  is  19  percent  (143).  The  majority  of 
patients  with  multiple  psammomatous  mela- 
notic schwannomas,  83  percent  in  one  series 
(143),  have  Carney’s  complex. 


Gross  Findings.  Melanotic  schwannomas 
range  from  0.5  to  26  cm  ( 143,205);  most  are  5 cm 
in  diameter  or  larger.  Most  tumors  are  circum- 
scribed. Their  configuration  varies  from  round  to 
ovoid  or  sausage  shaped.  Lesions  affecting  spinal 
nerve  roots  are  often  dumbbell  shaped  ( 143).  Large 
tumors  are  occasionally  lobulated  (143)  or  cystic 
(143,146,205).  Their  consistency  is  variously  de- 
scribed as  soft,  firm,  or  rubbery,  although  infre- 
quent examples  are  friable  or  hard  (143,155,172). 
Encapsulation,  a cardinal  feature  of  conventional 
schwannoma,  is  not  seen  in  melanotic  schwan- 
noma. Instead,  they  are  enveloped  by  a thin  con- 
nective tissue  layer,  which  is  occasionally  inter- 
rupted by  infiltration  of  surrounding  soft  tissue 
(fig.  7-56,  left)  (143).  When  seen,  bone  destruction 
is  generally  associated  with  malignant  examples 
(fig.  7-56,  right).  On  cut  surface  the  tumors  are 
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Figure  7-55 

CARNEY’S  COMPLEX 

Aside  from  psammomatous  melanotic  schwannoma,  a feature  of  many 
but  not  all  cases  of  Carney’s  complex,  the  disorder  includes  lentiginous 
pigmentation,  here  seen  to  conspicuously  involve  the  face  and  lips  (A), 
myxoma  of  the  heart  (B)  or  other  sites,  and  endocrine  overactivity,  often 
Cushings  syndrome  due  to  pigmented  multinodular  adrenocortical  dis- 
ease (C,D).  (Courtesy  of  Dr.  J.  A.  Carney,  Rochester,  Minnesota.) 


typically  solid.  Their  tar  black,  blue,  brown,  or 
gray  pigmentation  may  be  uniform  or  unevenly 
distributed  (figs.  7-56,  7-63).  Some  tumors  ex- 
hibit areas  of  hemorrhage  (142,143,172,205)  or 
necrosis  (143,146).  Occasional  psammomatous 
tumors  show  gross  subcapsular  calcification  and 
metaplastic  bone  formation  (143). 

Microscopic  Findings.  Most  melanotic 
schwannomas  are  highly  cellular  and  are  com- 
posed of  spindle-shaped  and  epithelioid  cells  ( figs. 
7-57—7-59).  Closely  packed,  such  cells  are  usually 


arranged  in  lobules,  fascicles,  or  cellular  whorls 
(fig.  7-57).  Palisades  and  Verocay  body-like 
structures  are  uncommon.  The  same  is  true  of 
microcyst  formation  (fig.  7-58).  The  cells  possess 
eosinophilic  to  amphophilic  cytoplasm.  The  out- 
lines of  spindle  cells  may  be  indistinct,  whereas 
the  cell  borders  of  epithelioid  cells  are  well-de- 
fined. Scattered  multinucleated  cells  are  often 
present  (fig.  7-57F).  Far  less  frequent  are  cells 
with  vacuolated  cytoplasm  (fig.  7-61A,C)  or  clear 
cells  (fig.  7-62E)  (143).  Nuclei  are  often  round 
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Figure  7-56 

MALIGNANT  PSAMMOMATOUS  MELANOTIC  SCHWANNOMA 
This  unencapsulated,  paravertebral  tumor  (left)  arose  in  the  T6  nerve  root,  destroyed  adjacent  vertebral  bone  and  a rib 
(right),  and  gave  rise  to  multifocal  pulmonary  metastases. 


and  contain  delicate,  evenly  distributed  chromatin 
as  well  as  a small,  distinct  nucleolus.  Pink  nuclear- 
cytoplasmic  pseudoinclusions  are  commonly  seen 
(figs.  7-60C,  7-630.  Melanin  pigment  in  the  form 
of  brown  to  black  granules  is  deposited  in  greatly 
varying  amounts  within  the  cytoplasm  of  both 
spindled  and  epithelioid  cells  (figs.  7-59-7-63). 
In  some  instances  the  Fontana-positive  pigment 
obscures  nuclear  details.  Often  encountered  are 
heavily  pigmented  macrophages  (melano- 
phages)  (figs.  7-57A-C,  7-61B)  and  small  clus- 
ters of  lymphocytes  ( fig.  7 -60C ).  Use  of  the  potas- 
sium  permanganate  bleaching  reaction  for 
melanin  may  be  required  in  order  to  reveal  the 
cytologic  features  of  the  pigmented  cells  ( 199).  In 
contrast,  rare  examples  contain  only  patches  of 
pigmented  cells.  Some  tumors  show  myxoid 
change  or  stromal  fibrosis  (fig.  7-59,  right). 

Psammomatous  Melanotic  Schwannoma.  In 
addition  to  showing  the  cytologic  features  noted 
above,  psammomatous  melanotic  schwannomas 
are  characterized  by  the  presence  of  laminated 
calcospherites  (fig.  7-60A,B)  (143).  Often  a focal 
finding,  these  spherical  to  oval,  PAS-positive 
bodies  range  from  very  few  (fig.  7-61A)  to  numer- 
ous (143).  Another  remarkable  feature,  one  evi- 
dent in  nearly  60  percent  of  psammomatous 
melanotic  schwannomas,  is  the  presence  of 
cytoplasmic  vacuoles,  large  examples  of  which 
result  in  an  appearance  of  mature  adipose  tissue 
(fig.  7-60B).  Unlike  in  conventional  and  cellular 
schwannomas,  vessels  are  thin-walled  rather 


than  thickened  and  hyalinized.  Local  hemor- 
rhage is  noted  in  many  instances,  and  focal  ne- 
crosis in  some.  Infrequently,  osseous  metaplasia 
may  be  seen  at  the  periphery  of  the  tumor. 

Malignancy  in  Melanotic  Schwannomas.  Un- 
like conventional  schwannoma,  melanotic 
schwannomas  may  follow  a malignant  course, 
usually  after  local  recurrence  (figs.  7-61-7-64). 
Although  histologic  criteria  for  malignancy  in 
melanotic  schwannomas  have  not  been  clearly 
formulated,  features  common  to  clinically  malig- 
nant tumors  include  large,  vesicular  nuclei  with 
scant  chromatin  and  very  prominent  eosino- 
philic or  violaceous  macronucleoli;  increased  mi- 
totic activity  including  abnormal  mitoses;  and 
broad  zones  of  necrosis  (figs.  7-61-7-63).  While 
these  features  are  seen  in  varying  combination  in 
tumors  that  metastasize,  none  in  isolation  permits 
a diagnosis  of  malignancy.  For  example,  macro- 
nucleoli  may  be  seen  in  tumors  that  do  not  metas- 
tasize (143).  Cytologic  preparations  may  be  of  di- 
agnostic assistance  (fig.  7-64). 

Immunohistochemical  Findings.  The  often 
bipolar,  spindled  and  epithelioid  Schwann  cells 
comprising  both  benign  and  malignant  melanotic 
schwannomas  are  immunoreactive  for  vimentin, 
S-100  protein,  and  HMB-45  (fig.  7-65A,B)  (142, 
143,155,166,182,185,204).  Immunoreactivity  is 
also  noted  for  the  basement  membrane  markers 
laminin  (182)  and  collagen  type  4 (fig.  7-650.  To 
date,  no  examples  of  melanotic  schwannoma 
have  been  reported  to  stain  for  GFAP  ( 143). 
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Figure  7-57 

MELANOTIC  SCHWANNOMA 

The  architecture  may  vary,  but  most  tumors  form  sheets  (A)  or  lobules  (B).  Although  pigmentation  is  generally  obvious, 
maximal  accumulation  being  seen  in  macrophages  (A  center,  C),  sampling  may  show  portions  of  the  tumor  to  be  nearly  devoid 
of  melanin  (D).  As  a rule,  uniform  spindle  to  epithelioid  cells  predominate  (E),  but  bizarre  hyperchromatic  multinucleate  cells 
may  be  seen  (F).  The  latter  are  not  indicative  of  malignancy. 


Schwannoma 


Figure  7-58 

MELANOTIC  SCHWANNOMA 

Left:  This  gastric  example  featured  plump  spindle  cells  with  scant  pigmentation. 
Right:  Portions  of  the  tumor  showed  microcystic  change. 


Ultrastructural  Findings.  Studies  of  mela- 
notic schwannoma,  primarily  spinal  nerve  or 
sympathetic  ganglion  examples,  have  shown 
them  to  be  composed  of  clusters  of  spindle- 
shaped  or  plump  cells  with  long,  often  interdigi- 
tating  cytoplasmic  processes.  The  latter  are 
joined  by  occasional  rudimentary  cell  junctions 
and  coated  on  their  free  surfaces  by  a continuous, 
often  reduplicated  basement  membrane  (figs. 
7-66,  7-67).  In  addition  to  these  typical  schwann- 
ian  features,  conspicuous  melanosomes  in  all 
stages  of  maturation,  usually  stages  II  to  IV,  are 
readily  found  within  the  cytoplasm  of  tumors 
cells  (figs.  7-66,  7-67)  (142,155,164,166,170,173, 
181,182,185,204).  Nonspecific  ultrastructural 
features  of  melanotic  schwannomas  include  ex- 
tracellular long-spacing  collagen  (Luse  bodies) 
(142,173),  variable  numbers  of  surface  micro- 
pinocytotic  vesicles  (166,173,181),  cytoplasmic 


intermediate  filaments  (166),  and  glycogen  par- 
ticles (figs.  7-66,  7-67). 

Differential  Diagnosis.  The  differential  di- 
agnosis of  melanotic  schwannoma  includes  con- 
ventional schwannoma  and  pigmented  lesions, 
such  as  pigmented  neurofibroma,  meningeal 
melanocytoma,  metastatic  melanoma,  and  clear 
cell  sarcoma  of  soft  parts. 

As  a rule,  melanotic  schwannomas  are  readily 
distinguished  from  conventional  schwannoma. 
Melanotic  schwannomas  lack  a distinct  capsule, 
well-formed  Verocay  bodies,  and  clear-cut  Antoni 
A and  B areas,  whereas  conventional  schwan- 
nomas lack  melanin,  psammoma  bodies,  and  fat. 
The  gray-brown  granular  pigment  occasionally 
seen  in  ordinary  schwannomas  represents  not 
true  melanin  but  lipofuscin.  Unlike  melanotic 
schwannomas,  conventional  schwannomas 
rarely  involve  the  gastrointestinal  tract. 
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Figure  7-59 

MELANOTIC  SCHWANNOMA 

Left:  Most  lesions  show  tumor  cells  with  delicate  intercellular  reticulin  staining  disposed  in  islands  surrounded  by  a distinct 
vascular  connective  tissue  stroma  (same  case  as  fig.  7-63). 

Right:  Less  often,  as  in  this  spinal  nerve  root  example,  the  tumors  show  extensive  collagen  deposition. 


The  distinction  of  melanotic  schwannoma  from 
“pigmented  neurofibroma”  (155a)  and  other  pig- 
mented PNSTs  (190)  is  more  difficult.  Such  neu- 
rofibromas are  often  of  the  diffuse  type,  vary  in 
size,  show  only  microscopic  pigmentation,  and  lack 
both  psammoma  bodies  and  fat.  Their  nuclei  are 
small  and  often  elongate,  whereas  those  of  mela- 
notic schwannoma  tend  to  be  round  with  delicate 
chromatin  and  a distinct  central  nucleolus.  The 
cytoplasm  of  melanotic  schwannoma  cells  is  gen- 
erally abundant  whereas  that  of  neurofibroma  is 
scant.  Immunostaining  for  S-100  protein  is  not 
uniform  in  neurofibroma.  The  ultrastructural 
heterogeneity  of  cell  types  in  neurofibroma  also 
contrasts  with  the  uniform  morphology  of  mela- 
notic schwannoma  cells. 

Also  in  the  differential  of  melanotic  schwan- 
noma are  melanocytomas,  central  nervous  sys- 
tem tumors  showing  mainly  melanocytic  features. 
As  more  of  these  two  tumors  are  critically  studied, 
they  may  be  found  to  represent  a lesion  continuum. 


Melanocytomas  typically  arise  in  the  cranial  or 
spinal  leptomeninges  (141a, 165, 175, 191, 207),  are 
usually  demarcated  and  compressive  of  their  sur- 
roundings, and  consist  of  often  heavily  pigmented, 
polygonal  to  somewhat  elongate  or  occasionally 
dendritic  cells  with  vesicular  nuclei  and  prominent 
nucleoli.  Mitoses  are  scant  to  absent.  Their  im- 
munoprofile  is  very  similar  to  that  of  pigmented 
schwannoma,  although  staining  for  collagen  type 
4 is  often  less  abundant.  The  distinction  may  re- 
quire electron  microscopy.  Features  common  to 
both  tumors  include  variably  pigmented  melano- 
somes,  occasional  intermediate  junctions,  and 
basement  membrane  production.  Not  only  are 
melanocytomas  devoid  of  psammoma  bodies  and 
adipose-like  cells,  but  in  our  experience,  they 
ultrastructurally  lack  both  pericellular  basement 
membrane  as  well  as  long-spacing  collagen. 

Of  greatest  clinical  importance  is  a distinction 
of  melanotic  schwannoma  from  metastatic  mela- 
noma. In  this  regard,  Carney  (143)  refers  to  the 
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Figure  7-60 

PSAMMOMATOUS  MELANOTIC  SCHWANNOMA 

This  example,  occurring  in  the  setting  of  Carney’s  complex,  shows  psammoma  bodies  of  varying  shape  (A)  as  well  as 
adipose-like  cells  (B).  Like  conventional  melanotic  schwannomas,  such  tumors  show  cytologic  variation  ranging  from  spindle 
to  epithelioid,  with  open  chromatin,  nucleolar  prominence,  and  degenerative  nuclear  atypia  with  the  formation  of  nuclear- 
cytoplasmic  pseudoinclusions  (C). 
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Figure  7-61 

MALIGNANT  PSAMMOMATOUS  MELANOTIC  SCHWANNOMA 
This  tumor  featured  mild  pigmentation  (A),  accumulations  of  melanophages  (B),  the  formation  of  cytoplasmic  lipid-like 
vacuoles  displacing  nuclei  (C),  and  only  scant  psammoma  bodies  (A).  Portions  of  the  tumor  showed  macronucleoli  (D)  as  well 
as  abnormal  mitotic  figures. 
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Figure  7-62 

MALIGNANT  PSAMMOMATOUS  MELANOTIC  SCHWANNOMA 

This  example  showed  invasion  of  peritumoral  soft  tissue  (A),  bone  infiltration  (B ),  necrosis  (C),  mitotic  activity  (D),  clear 
cell  change  (E),  and  pulmonary  metastases  (F). 
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Figure  7-63 

MALIGNANT  MELANOTIC  SCHWANNOMA 
This  large  example  arising  in  a spinal  sympathetic  gan- 
glion near  an  adrenal  gland  of  a 36-year-old  female  shows 
the  typical  pitch  black  appearance  of  such  tumors  (A).  The 
histology  varied  from  plump  spindle  cells  ( B ) with  prominent 
nuclear  pseudoinclusions  (C),  to  a necrotic,  epithelioid,  and 
heavily  pigmented  malignant  lesion  exhibiting  large  viola- 
ceous nucleoli  (D).  The  tumor  metastasized  widely  and  re- 
sulted in  death  2 years  after  its  resection.  For  further  details 
see  reference  1.  (Courtesy  of  Dr.  S.  McClure,  Akron,  Ohio.) 
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Figure  7-64 

MALIGNANT  PSAMMOMATOUS 
MELANOTIC  SCHWANNOMA: 
CYTOLOGY 

This  Papanicolaou-stained  smear 
shows  cytologic  malignancy,  particu- 
larly macronucleoli.  Pigmentation 
varies  and  is  most  abundant  in 
melanophages.  (Courtesy  of  Dr.  P.  B. 
Illei,  New  York,  NY. ) 


Figure  7-65 

MELANOTIC  SCHWANNOMA 
Since  this  tumor  is  immunoreactive  for  S-100  protein  (A), 
HMB  45(B),  and  type  4 collagen  (C),  it  shares  some  features 
of  both  schwannoma  and  melanoma.  Although  this  example 
had  a more  prominent  lobular  collagen  4 staining  pattern, 
ultrastructure  typically  shows  pericellular  basement  mem- 
brane formation  (see  figures  7-66,  7-67). 
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Figure  7-66 

MELANOTIC  SCHWANNOMA 
The  spindle-shaped  neoplastic  Schwann  cells  contain 
numerous  electron-dense  melanosomes  as  well  as  clusters 
of  glycogen  particles.  Note  the  reduplicated  basement  mem- 
branes in  the  intercellular  spaces  (X6,900). 

dendritic  appearance  of  cells  in  melanotic 
schwannoma,  a feature  rarely  seen  in  metastatic 
melanoma.  Unlike  the  majority  of  melanotic 
schwannomas,  most  melanomas  are  cytologi- 
cally  malignant.  Furthermore,  melanomas  are 
devoid  of  psammoma  bodies  and  fat.  At  the  im- 
munohistochemical  and  ultrastructural  levels, 
melanomas  only  rarely  exhibit  basement  mem- 
brane formation  (152,192). 

Clear  cell  sarcomas  (soft  tissue  melanoma) 
( 147,154)  show  a predilection  for  soft  tissues,  are 
both  macroscopically  and  microscopically  inva- 
sive, and  are  composed  of  cytologically  malig- 
nant cells  with  little  or  no  pigment  production, 
ich  tumors  are  devoid  of  psammoma  bodies 
id  fat,  and  lack  evidence  of  basement  mem- 
brane formation. 

Treatment  and  Prognosis.  Most  melanotic 
schwannomas  are  benign,  slowly  growing  tu- 


Figure 7-67 

MELANOTIC  SCHWANNOMA 
Detail  of  a melanosome-containing  Schwann  cell  process. 
Basement  membrane  substance  is  present  in  the  intercellu- 
lar space  (X38,900). 


mors,  albeit  ones  that  may  erode  bone.  Among 
malignant  examples,  death  due  to  disease,  often 
metastatic  tumor,  is  as  frequent  in  conventional 
melanotic  schwannomas  as  in  psammomatous 
tumors.  Of  all  reported  patients  with  melanotic 
schwannoma,  approximately  15  percent  with 
conventional  tumors  (148,150,157,159,164,196) 
and  15  percent  with  psammomatous  tumors 
have  died  of  tumor  (143).  Since  melanotic 
schwannomas  may  be  multiple,  distinguishing 
between  a second  primary  lesion  and  a metasta- 
sis may  be  difficult  (143).  Some  patients  with 
Carney’s  complex  experience  additional  morbid- 
ity and  mortality  due  to  associated  cardiac  myx- 
omas or  endocrinopathy.  Surgical  excision  with 
tumor-free  marginseis  the  treatment  of  choice  for 
primary  melanotic  schwannoma  of  either  con- 
ventional or  psammomatous  type. 
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NEUROFIBROMA 


Definition.  Neurofibroma  is  a benign  nerve 
sheath  tumor  composed  of  a variable  mixture  of 
Schwann,  perineurial-like,  and  fibroblastic  cells, 
as  well  as  ones  with  features  intermediate  be- 
tween these  various  cells.  Residual  interspersed 
myelinated  and  unmyelinated  nerve  fibers  often 
are  present. 

General  Comments.  Whereas  the  term  “sol- 
itary benign  nerve  sheath  tumor”  was  at  one 
time  applied  to  both  schwannoma  and  neurofi- 
broma, the  designation  is  now  avoided.  The  dis- 
tinction of  the  two  tumors  is  possible  in  almost 
all  instances,  and  is  clinically  important,  not 
only  for  diagnosing  neurofibromatosis  but,  on 
occasion,  for  excluding  a diagnosis  of  malignant 
peripheral  nerve  sheath  tumor  (MPNST).  The 
principal  clinicopathologic  features  distinguish- 
ing schwannoma  from  neurofibroma  are  sum- 
marized in  Table  7-1. 

The  nature  of  neurofibroma,  whether  a neo- 
plasm or  a hyperplastic  process,  remains  unset- 
tled. The  development  of  myriads  of  lesions  in 
patients  with  neurofibromatosis  type  1 (NF1)  as 
well  as  their  cytologic,  immunohistochemical, 
and  ultrastructural  heterogeneity  are  used  to 
support  the  hyperplasia  concept,  whereas  the 
almost  imperceptible  transition  of  neurofibro- 
mas to  MPNST  suggests  they  are  neoplastic. 
Assuming  that  Schwann  cells  are  the  key  con- 
stituent of  neurofibromas,  most  experimental 
studies  have,  rightly  or  wrongly,  focused  upon 
this  cell.  The  Schwann  cells  of  neurofibromas 
differ  from  normal  ones  by  their  ability  to  pro- 
mote angiogenesis  and  invade  basement  mem- 
brane (51).  On  the  other  hand,  neurofibroma 
Schwann  cells  respond  normally  by  proliferation 
when  exposed  to  specific  Schwann  cell  mitogens 
(44)  and  growth  factors  present  in  neurofibroma 
tissue.  These  findings  and  the  finding  that  neu- 
rofibroma-derived Schwann  cells  do  not  form 
progressive  tumors  when  injected  into  mice  (51), 
have  lent  support  to  the  concept  that  it  is  the 
physiologic  milieu  of  neurofibromas  that  stimu- 
lates proliferation  of  nerve  sheath  cells  and  per- 
haps the  development  of  subpopulations  prone 
to  neoplastic  transformation.  Recent  evidence 


based  upon  studies  of  X chromosome  inactivation 
suggests  that  neurofibromas  are  monoclonal  le- 
sions (54).  As  currently  understood,  all  NF1  pa- 
tients harbor  one  nonfunctional  NF1  gene  (germ- 
line mutation)  in  every  cell  in  the  body  ( 18),  and  it 
is  assumed  that  neurofibromas  arise  as  a result  of 
a second,  somatic  mutation  (18,53).  Although  yet 
to  be  demonstrated,  the  pathogenesis  of  non-NFl- 
related  neurofibromas  is  probably  due  to  alter- 
ations of  the  NF1  gene.  Thereafter,  the  occasional 
transformation  of  neurofibroma  to  MPNST  (17) 
appears  to  involve  loss  or  mutation  of  one  or  more 
tumor  suppressor  genes.  We  believe  that  more 
complete  characterization  of  the  constituent  cells 
of  neurofibromas  will  shed  light  upon  their  cyto- 
genesis  and  further  support  the  concept  that 
neurofibromas  are  neoplastic  in  nature. 

Whereas  von  Recklinghausen  (61)  considered 
neurofibromas  to  be  fibrous  tumors,  Verocay  ( 60) 
in  1910  postulated  that  they  arose  instead  from 
neuroectodermal  nerve  sheath  elements,  such  as 
Schwann  cells,  or  from  embryonal  neuroectoder- 
mal cells.  Although  the  subsequent  demonstra- 
tion of  nonspecific  cholinesterase  activity  in  neu- 
rofibromas supports  their  neuroectodermal 
nature  ( 65 ),  it  now  appears  that  several  different 
types  of  cells  are  present.  Ultrastructural  and 
immunohistochemical  studies  show  that  they  are 
composed  of  Schwann  cells,  perineurial-like  cells, 
fibroblasts,  and  cells  with  features  intermediate 
between  perineurial-like  cells  and  the  others.  At 
the  ultrastructural  level,  typical  well-differenti- 
ated Schwann  cells  predominate  in  a majority  of 
neurofibromas,  a finding  supported  by  immuno- 
stains  for  S-100  protein  which  label  these  cells.  The 
extent  to  which  normal  residual  Schwann  cells  are 
represented  is  unclear,  however.  Perineurial-like 
cells  are  defined  as  ones  possessing  the  ultrastruc- 
tural characteristics,  but  not  the  immunoprofile,  of 
normal  perineurial  cells.  With  the  exception  of 
occasional  peripherally  situated  perineurial  cells, 
remnants  of  the  parent  nerve,  intraneural  neuro- 
fibromas show  no  staining  for  epithelial  mem- 
brane antigen  (EMA),  the  principal  marker  of 
such  cells.  In  addition,  diffuse  neurofibromas 
occasionally  show  perineurial  cells  to  surround 


177 


Tumors  of  the  Peripheral  Nervous  System 


pseudomeissnerian  corpuscles  (see  fig.  8-28D). 
Nonetheless,  virtually  all  neurofibromas  do  con- 
tain perineurial-like  cells.  In  a minority  of  tumors, 
such  cells  predominate.  Thus,  the  constant  pres- 
ence of  perineurial-like  cells  in  neurofibromas 
makes  them  an  important  marker  of  this  tumor. 
Myelinated  and  unmyelinated  axons  ensheathed 
by  normal  Schwann  cells  are  frequently  seen  in 
tumors,  although  not  widely  dispersed. 

Clinicopathologic  and  Gross  Findings. 
Neurofibromas  develop  either  in  patients  with 
NF1  (peripheral  neurofibromatosis,  von  Reck- 
linghausen’s disease)  or  more  commonly  as  soli- 
tary sporadic  lesions  unassociated  with  the  disor- 
der. They  are  very  uncommon  in  the  setting  of  NF2. 
The  present  discussion  focuses  primarily  upon 
those  neurofibromas  encountered  in  skin  and  soft 
tissue.  Visceral  neurofibromas  and  ganglio- 
neuromatous  lesions  of  NF1  are  discussed  in 
chapters  5 and  13. 

Several  forms  of  neurofibroma  have  been  de- 
scribed. Despite  morphologic  overlap,  their  clinico- 
pathologic features  differ  considerably.  These  vari- 
ants are  considered  below.  The  discussion  of 
neurofibromas  arising  in  small  cutaneous  nerves 
(localized  and  diffuse  cutaneous  neurofibromas) 
precedes  that  of  tumors  originating  in  larger 
nerves,  including  roots,  trunks,  and  branches  (lo- 
calized intraneural  and  plexiform  neurofibromas). 
We  take  this  approach  because  the  gross  appear- 
ances of  neurofibroma  variants  reflect  their  man- 
ner of  growth  and  spread.  For  instance,  in  neuro- 
fibromas arising  in  small  to  minute  nerves,  such 
as  those  of  skin,  permeative  growth  in  nerve 
quickly  gives  way  to  diffuse  infiltration  of  sur- 
rounding soft  tissue,  and  parent  nerves  are  in- 
conspicuous. In  localized  neurofibromas  arising 
in  sizable  nerves,  endoneurial  spread  of  neurofi- 
broma cells  results  in  symmetric,  typically  fusi- 
form enlargement  of  fascicles  (localized  neurofi- 
broma) (22,66).  Lastly,  in  addition  to  widespread 
endoneurial  growth,  plexiform  lesions  frequently 
exhibit  diffuse  soft  tissue  infiltration  as  well. 

Localized  Cutaneous  Neurofibroma.  This 
most  common  form  of  neurofibroma  occurs  ei- 
ther as  single  or  multiple  lesions.  They  often 
affect  the  dermis  and  subcutis  and  show  no  par- 
ticular site  predilection.  Soft,  slightly  elevated, 
nodular  or  polypoid  (figs.  8-1,  8-2),  such  tumors 
are  painless,  slow  growing,  freely  moveable,  and 
uncommonly  exceed  1 to  2 cm  in  maximum  di- 


mension. Most  (90  percent)  are  solitary,  unassoci- 
ated with  NF1,  and  present  in  young  adults  be- 
tween age  20  and  30  years.  In  individuals  with 
NF1,  neurofibromas  are  typically  multiple  (fig. 
8-1)  and  may  be  overlain  by  a hyperpigmented 
epidermal  macule,  the  cafe-au-lait  spot  (see 
below).  Most  patients  with  NF1  have  developed 
cutaneous  neurofibromas  by  the  time  of  puberty; 
thereafter,  the  tumors  simply  increase  in  number 
and  often  in  size.  Only  on  rare  occasion  does  their 
continued  proliferation  result  in  the  patient  being 
quite  literally  covered  by  innumerable  cutaneous 
nodules,  many  of  which  are  polypoid  (fig.  8-lC,D). 
On  cut  section  localized  cutaneous  neurofibromas 
are  homogeneously  gray  or  gray-tan  and  lack  the 
degenerative  changes  that  typify  schwannomas. 
Although  relatively  circumscribed,  they  are  not 
encapsulated  (fig.  8-2).  Many  but  not  all  are  sepa- 
rated from  epidermis  by  a grenz  zone  (fig.  8-2B). 
Deeper  portions  are  often  less  defined  from  sur- 
rounding dermis  or  subcutaneous  fat.  Whether 
solitary  or  multiple,  the  microscopic  features  of 
cutaneous  neurofibromas  are  essentially  the 
same.  As  a rule,  no  underlying  involved  nerve  is 
apparent,  since  the  proliferation  is  extraneural. 
We  have  not  seen  a localized  cutaneous  neurofi- 
broma that  underwent  malignant  change. 

Diffuse  Cutaneous  Neurofibroma.  The  distinc- 
tion between  localized  and  diffuse  tumors  is  usu- 
ally easy,  since  the  term  diffuse  neurofibroma  is 
generally  applied  to  only  large  lesions.  Nonethe- 
less, mixed  patterns  may  be  observed,  particularly 
in  the  setting  of  NF1  (fig.  8-3).  Once  termed 
“paraneurofibroma,”  the  diffuse  cutaneous  variant 
is  uncommon  and  presents  primarily  in  children 
and  young  adults.  The  association  is  not  strong, 
but  fully  10  percent  arise  in  the  setting  of  NF1. 
Diffuse  neurofibromas  form  ill-defined,  plaque- 
like thickenings  of  the  dermis  and  subcutaneous 
tissue  (figs.  8-4, 8-5),  usually  of  the  head  and  neck. 
Although  the  content  of  overrun  adipose  tissue 
renders  them  yellow-white  (fig.  8-4),  the  texture  of 
the  neurofibromatous  tissue  resembles  that  of  lo- 
calized cutaneous  neurofibroma.  Diffuse  tumors 
are  nondestructive  of  their  surroundings.  Instead, 
they  permeate  the  dermis,  wherein  they  entrap 
adnexae  (fig.  8-5C ),  and  spread  freely  along  connec- 
tive tissue  septa  as  well  as  within  subcutaneous 
adipose  tissue  (figs.  8-4,  8-5D).  Pseudo-meissner- 
ian  corpuscles  may  be  seen.  Diffuse  neurofibro- 
mas only  rarely  undergo  malignant  change. 
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Figure  8-1 

LOCALIZED  CUTANEOUS  NEUROFIBROMA 

Such  tumors  may  be  solitary  (A)  or  multiple  and  often  NF1  associated  (B-D).  The  latter  may  be  dome  shaped  (B)  or  polypoid 
(C).  On  occasion  they  lie  densely  clustered  (D)  as  on  the  lower  back  of  this  markedly  affected  patient.  (C,  courtesy  of  Dr.  H.  Goebel, 
Mainz,  Germany.) 


Localized  Intraneural  Neurofibroma.  Second 
in  frequency  and  the  result  of  permeative  in- 
traneural growth  of  tumor  cells,  this  variant  of 
neurofibroma  causes  segmental,  fusiform  nerve 
enlargement  (figs.  8-7,  8-9).  Examples  range  from 
less  than  one  to  many  centimeters  in  greatest 


dimension  (fig.  8-10).  Multiple  lesions  occur  pri- 
marily in  the  setting  of  NF1.  Localized  intraneu- 
ral neurofibromas  come  to  clinical  attention  either 
as  a lump  in  superficial  soft  tissues  or,  if  arising  at 
a deep  site,  by  causing  tingling  or  pain  along  the 
course  of  a nerve.  A number  are  incidental  findings 
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Figure  8-2 

LOCALIZED  CUTANEOUS 
NEUROFIBROMA 

These  three  examples,  all  occurring  in  pa- 
tients with  NF1,  show  variation  in  microarchitec- 
ture, particularly  their  relation  to  surrounding 
tissue,  which  ranges  from  discrete  and  compres- 
sive (A,B)  to  infdtrative  (C). 


Figure  8-3 

DIFFUSE  CUTANEOUS 
NEUROFIBROMA 
Such  plaque-like  lesions  are  typi- 
cally larger  than  localized  tumors. 
This  example,  occurring  in  a patient 
with  NF1,  also  features  nodules  much 
like  those  comprising  localized  neuro- 
fibromas. 
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Figure  8-4 

DIFFUSE  CUTANEOUS 
NEUROFIBROMA 
This  brawny,  NFl-associated 
example  massively  involves  sub- 
cutaneous fat.  Strands  of  tumor 
separate  lobules  of  fat.  Its  white 
rather  than  gray-tan  color  is  an 
artifact  of  fixation.  (Fig.  3.444 
from  Okazaki  H,  Scheithauer  BW. 
Atlas  of  neuropathology,  1988. 
With  permission  from  the  Mayo 
Foundation.) 


Figure  8-5 

DIFFUSE  CUTANEOUS  NEUROFIBROMA 

Such  tumors  permeate  dermal  and  subcutaneous  tissues  (A,B),  surround  adnexae  (C),  and  infiltrate  fat  (D). 
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Figure  8-6 

DIFFUSE  CUTANEOUS  NEUROFIBROMA 

Note  the  diffuse  infiltration  by  uniform  neurofibroma  cells  (A).  At  high  power,  the  delicate  processes  of  these  cells  are  usually 
not  apparent  (B).  Many  but  not  all  cells  are  S-100  protein  immunoreactive  (C).  In  that  such  lesions  are  largely  extraneural, 
neuritic  processes  are  scant  on  neurofilament  protein  stain  (D). 
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Figure  8-7 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 
A schematic  illustrates  the  slow  development  of  neurofi- 
broma to  a fusiform,  mucin-rich  lesion  traversed  by  normal 
residual  axons. 


on  imaging  studies.  Localized  intraneural  neu- 
rofibromas may  affect  any  nerve,  spinal  or  cra- 
nial, from  the  root  level  to  the  smallest  branch. 
NFl-associated  spinal  root  tumors  preferentially 
affect  the  cervical  level,  as  do  spinal  root 
schwannomas  in  NF2  (19).  Tumors  arising  in 
proximal  spinal  nerves  may  have  both  an  in- 
traspinal  and  extraspinal  component.  Such 
“dumbbell-shaped”  neurofibromas  occur  both 
sporadically  and  in  association  with  NF 1.  Neuro- 
fibromas also  affect  the  autonomic  nervous  sys- 
tem. Gross  examination  of  localized  intraneural 
neurofibromas  show  them  to  be  fusiform,  diffuse 
enlargements  of  the  affected  nerve  (fig.  8-9A,B, 
E).  On  cut  section,  they  appear  translucent  and 
gray  to  tan  (figs.  8-9C,  8-10).  Texture  and  color 
variations  reflect  differences  in  collagen  content 
which  may  be  focally  accentuated  (fig.  8-10F). 
Favorably  oriented  sections  often  demonstrate 
underlying  residual  nerve  fibers  (fig.  8-11).  By 
way  of  comparison,  intraneural  neurofibromas 
lack  the  globular  paraneural  configuration, 
thick  capsule,  lipid-related  bright  yellow  color- 
ation, cystic  changes,  and  occasional  hemorrhagic 


Figure  8-8 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 
This  axial  T2-weighted  MRI  image  shows  the  target  config- 
uration characteristic  of  neurofibroma. 


foci  that  characterize  schwannomas.  These  dif- 
ferences are  also  radiologically  evident  (figs.  8-8, 
8-9D;  see  also  figs.  7-3— 7-7 ) and  of  use  in  differ- 
ential diagnosis  with  MPNST  (9a).  Localized 
intraneural  neurofibromas  infrequently  un- 
dergo malignant  change. 

Plexiform  Neurofibroma.  Grossly  and  micro- 
scopically, this  uncommon  but  highly  characteris- 
tic variant  of  neurofibroma  shows  a tendency  to 
affect  sizable  nerves  (22,66).  Its  recognition  is  im- 
portant since  it  occurs  almost  exclusively  in  pa- 
tients with  NF1  and  is  significantly  prone  to  un- 
dergo malignant  change  (see  below).  Adiagnosis  of 
plexiform  neurofibroma  in  a patient  with  no  other 
features  of  the  disorder  therefore  requires  a ge- 
netic workup.  Although  we  have  seen  only  a rare 
plexiform  neurofibroma  in  patients  with  no  fam- 
ily history  and  in  whom  no  other  features  of  NF1 
were  found,  it  has  recently  been  suggested  that 
a significant  minority  lack  the  association  (37). 

The  varied  clinical  manifestations  of  plexi- 
form neurofibroma  are  discussed  in  detail  in 
chapter  13.  Severely  deforming  affected  tissues, 
their  architectural  features  and  gross  appear- 
ance cover  a spectrum  (figs.  8-18-8-21).  Most 
involve  either  a plexus  of  nerves,  with  a resultant 
tree-like  pattern  in  which  innumerable  branches 
and  twigs  form  a complex  tangle  (figs.  8-18,  8-19), 
or  multiple  fascicles  of  a medium  to  large  nerve 
with  preservation  of  its  general  configuration 
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Resection  of  neurofibroma,  illustrated  by  an  operative  photo  (A).  The 
resection  of  this  tumor  involved  its  removal  with  proximal  and  distal 
segments  of  the  parent  nerve  (B).  The  cross  section  of  this  specimen  shows 
the  typical  translucency  and  gray-tan  color  of  such  tumors  (C).  Yet  another 
example  affecting  a sensory  nerve  of  the  popliteal  region  in  an  NF1  patient 
shows  typical  T2-weighted  MRI  features  (D).  Its  resection  (E)  permitted 
sparing  of  uninvolved  fascicles  and  no  significant  neurological  deficit. 


(fig.  8-20).  The  configuration  of  plexiform  neuro- 
fibromas thus  reflects  the  normal  anatomy  of  the 
affected  nerve.  Highly  branching  nerves,  such  as 
he  trigeminal  and  the  brachial  or  the  sacral 
plexus,  are  converted  into  a complex,  worm-like 
tangle  (figs.  8-18,  8-19A-C).  In  contrast,  exam- 
ples affecting  large,  relatively  nonbranching 


nerves,  such  as  the  sciatic,  convert  the  nerve  into 
a firm,  ropy  cylinder  (fig.  8-20A,B)  composed  of 
crude  strands.  Such  tumors  may  appear  less 
plexiform  but,  when  closely  examined,  show  neu- 
rofibromatous  involvement  of  multiple  fascicles, 
each  several  times  the  normal  diameter.  Involve- 
ment of  organs  or  viscera  is  best  seen  in 
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Figure  8-10 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 

Classic  examples  are  ovoid  or  fusiform  in  configuration,  delicately  encapsulated,  and  feature  a gray-white  or  gray-tan, 
translucent  cut  surface  (A,B,D,F).  Large  tumors,  such  as  these  vagus  nerve  (C,D),  pelvic  plexus  (E),  and  sciatic  nerve  IF)  examples, 
are  often  variegated  gray -tan  due  to  variation  in  collagen  content. 
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Figure  8-11 

LOCALIZED  INTRANEURAL 
NEUROFIBROMA 
Residual  nerve  tissue  is  most  ap- 
parent in  neurofibromas  of  large 
nerves,  such  as  this  ovoid  tumor  in- 
volving an  intradural  spinal  root  in  a 
patient  with  NF1.  (Courtesy  of  Dr.  H. 
Okazaki,  Rochester,  MN.) 


Figure  8-12 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 
The  relative  proportion  of  stromal  mucin  and  collagen, 
the  basis  of  the  tan  color,  is  highly  variable  (A-C). 
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Figure  8-13 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 

The  cytology  of  such  lesions  varies  from  cells  with  dense,  spindle-shaped  curved  nuclei  (A,B)  to  ones  in  which  nuclei  are 
relatively  plump  with  open  chromatin  (C).  There  may  be  scattered  residual  myelinated  nerve  fibers. 
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Figure  8-14 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 


In  tumors  of  long  standing,  the  collagen  deposition  may  be  massive  (left),  as  is  evident  on  trichrome  stain  (right). 


Figure  8-15 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 
Left:  Stromal  collagen  often  takes  the  form  of  compact,  sinuous  bundles. 
Right:  Stromal  mucin  is  readily  demonstrated  on  Alcian  blue  stain. 
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Figure  8-16 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 

Collagen  deposition  is  often  progressive  in  neurofibroma,  being  laid  down  along  the  course  of  preexisting  nerve  Fibers  (see 
fig.  8-6).  The  collagen  bundles  vary  from  long  and  narrow  (A)  to  blocky  in  configuration  (B),  the  latter  being  likened  to  “shredded 
carrots.”  Immunostains  of  a neurofibroma  wherein  collagen  deposition  is  just  beginning  shows  the  residual  nerve  fiber  sheaths 
to  be  abundant  (C,  S-100  protein  immunostain).  In  advanced  collagen  deposition,  the  blocky  collagen  arrays  contain  few 
residual  neurofilament-positive  axons  (D). 
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Figure  8-17 

LOCALIZED  INTRANEURAL  NEUROFIBROMA 
As  in  all  forms  of  neurofibroma,  the  lesions  contain  numer- 
ous S-100  protein-positive  cells  (A).  Note  that  not  all  cells  within 
such  neurofibromas  are  reactive.  Scattered  axons  are  most 
easily  demonstrated  on  stains  for  neurofilament  protein  ( B ).  The 
delicate  “capsule”  of  intraneural  tumors  consists  in  part  of  the 
residual  EMA-immunoreactive  perineurium  (C).  Note  the  usual 
lack  of  tumor  cell  staining. 


microsections  (fig.  8-22).  Plexiform  components 
are  often  found  in  massive  soft  tissue  neurofibro- 
mas (fig.  8-31A,C).  Since  the  fascicles  of  plexiform 
tumors  contain  a mucin-rich  stroma,  their  trans- 
lucent appearance  and  rubbery  texture  have  been 
likened  to  a “bag  of  worms.”  Due  to  collagen  depo- 
sition, large,  often  longstanding  lesions  may  be 
firm.  Plexiform  neurofibromas  involve  the  same 
nerves  as  do  localized  intraneural  tumors.  The 
majority  of  neurofibromas  affecting  visceral  auto- 
nomic nerves  and  the  mesentery  are  of  plexiform 
type  (fig.  8-22;  see  also  figs.  5-15, 13-12-13-18)  (26). 

I though  this  variant  is  most  prone  to  undergo 
malignant  change,  the  latter  only  rarely  occurs  in 
viscera.  The  subject  of  plexiform  neurofibromas 
affecting  viscera,  particularly  the  gastrointestinal 
tract,  is  discussed  in  chapters  5 and  13. 


Massive  Soft  Tissue  Neurofibroma.  This  least 
common  form  of  neurofibroma  is  restricted  to 
patients  with  NF1.  A large,  diffuse  tumor,  it  often 
features  a plexiform  component  and  causes  ei- 
ther “localized  gigantism”  of  an  extremity  (fig. 
8-30B)  (66)  or  simply  massive  enlargement  of  re- 
gional soft  tissues  (fig.  8-30A).  Infiltration  of  soft 
tissue  is  widespread  and  includes  muscle  invasion 
(fig.  8-30C).  Progressive  growth  results  in  folds  of 
redundant  soft  tissue  extending  cape-like,  as  over 
the  shoulder  (see  fig.  13-10),  or  in  pendulous  bag- 
like masses  of  neurofibromatous  tissue  unilater- 
ally enlarging  the  pelvic  girdle  and  lower  extremity 
(figs.  8-30B,  13-1).  The  now  antiquated  term  “ele- 
phantiasis neuromatosa”  was  once  applied  to  such 
tumors.  Massive  soft  tissue  neurofibromas  only 
rarely  undergo  malignant  change. 
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Figure  8-18 

PLEXIFORM  NEUROFIBROMA 

This  highly  characteristic  lesion  is  pathognomonic  of  NF1  and  forms  a lumpy,  often  bag-like  mass  which  disfigures  underlying  tissue 
(A).  Formed  of  multiple,  entangled  and  enlarged  nerve  fascicles,  such  cutaneous  lesions  typically  affect  small  nerves.  Alternatively, 
large  lesions,  such  as  of  the  lumbosacral  plexus  may  be  sizeable  (B).  The  imaging  characteristics  of  plexiform  neurofibroma  are 
characteristic.  A coronal  T2-weighted  MRI  image  of  the  thigh  (C)  shows  multiple,  interconnected  lesions  with  increased  signal,  the 
largest  of  which  has  a target  configuration. 


191 


'.mors  of  the  Peripheral  Nervous  System 


MAYO 

©1996 


Figure  8-19 

PLEXIFORM  NEUROFIBROMA 
These  distinctive  lesions  consist  of 
neurofibromatous  change  in  multiple 
nerve  fascicles  (A,B).  Unfortunately, 
surgical  specimens  often  consist  of 
only  fragmented  nerve  segments  (C). 
Whereas  occasional  tumors  consist  of 
abnormal  fascicles  of  uniform  diame- 
ter, others  show  them  to  be  trans- 
formed into  segmental,  jelly-like  ex- 
pansions (D,E). 
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Figure  8-20 

PLEXIFORM  NEUROFIBROMA 

Although  such  tumors  are  typically  envisioned  as  “bags  of  worms,”  when  large  and 
relatively  nonbranching  nerves  are  affected  the  lesion  frequently  forms  a rope-like  mass 
(A).  Careful  inspection  of  one  such  tumor  of  the  ulnar  nerve  demonstrates  multiple  fascicle 
involvement  in  each  of  two  branches  (B).  Multifascicle  involvement  is  better  seen  in  yet 
another  ulnar  nerve  lesion  in  which  affected  fascicles  lie  separated  (C). 
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Figure  8-21 
PLEXIFORM 
NEUROFIBROMA 
Occasional  tumors  show 
unusual  configurations  in- 
cluding clustered  tangles  (A), 
multinodular  lesions  within 
a multifascicle  nerve  (B),  and 
delicate  fusiform  expansions 
along  a thin,  branching, 
multifascicle  nerve  (C). 


Figure  8-22 

PLEXIFORM  NEUROFIBROMA 

Involvement  of  superficial  organs  such  as  the  parotid  gland  is  frequently  seen  in  tumors  affecting  the  trigeminal  nerve  (A). 
In  deep-seated  tumors,  involvement  of  viscera  such  as  the  uterus  (B)  or  the  small  bowel  (C)  may  also  be  observed. 
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Figure  8-23 

PLEXIFORM  NEUROFIBROMA  OF  SOFT  TISSUE 


Left:  At  higher  power,  the  affected  fascicles  may  be  seen  to  contain  centrally  placed  nerve  Fibers. 
Right:  These  are  readily  highlighted  with  immunostains  for  S-100  protein. 


Microscopic  Findings.  Several  basic  micro- 
scopic features  are  shared  by  most  types  of  neuro- 
fibroma. In  their  simplest  form,  they  are  hypo- 
cellular  and  composed  of  widely  spaced  cells  with 
ovoid  to  thin,  elongate  nuclei  and  scant  cytoplasm 
embedded  in  a mucopolysaccharide-rich,  variably 
collagenous  matrix  (fig.  8-12).  In  lesions  in  which 
residual  nerve  is  apparent,  the  neurofibroma  cells 
are  usually  aligned  along  the  course  of  nerve 
fibers  traversing  the  lesion  (figs.  8-11,  8-13).  Tumor 
cell  nuclei  are  roughly  one  third  to  half  the  size  of 
those  of  schwannoma  cells  and  three  times  the  size 
of  lymphocyte  nuclei  (fig.  8-13).  In  most  instances, 
their  cytoplasmic  processes  are  indiscernible  (figs. 
8-6,  8-13)  without  recourse  to  immunohistochemis- 
try  or  electron  microscopy.  The  relative  proportion 
of  stromal  mucin  and  collagen  is  highly  variable 
(figs.  8-12,  8-14—8-16).  Whereas  lymphocytes  and 
histiocytes  are  uncommon,  mast  cells  are  often 


present  in  significant  number.  In  cutaneous  tu- 
mors they  may  comprise  up  to  5 percent  of  all 
cells.  Rarer  yet  are  melanin-containing  cells  (fig. 
8-31E)  (6,41)  which  are  never  as  numerous  as  in 
melanotic  variants  of  schwannoma. 

In  all  forms  of  neurofibroma  the  neoplastic  cells 
are  diffusely  infiltrative  of  nerve,  soft  tissue,  or 
both.  Even  localized  intraneural  tumors  may  show 
a limited  degree  of  soft  tissue  infiltration.  Accumu- 
lation of  neoplastic  cells  is  typically  associated  with 
a faintly  mucoid  matrix  containing  wavy  collagen 
fibers  (figs.  8-12,  8-15).  As  neurofibromatous  tis- 
sue increases,  an  affected  nerve  is  transformed 
from  a cylindrically  enlarged  segment  to  a fusi- 
form mass  surrounded  by  attenuated  perineurium 
and  epineurium  (figs.  8-7,  8-11,  8-19,  8-21,  8-26). 
Nondestructive  entrapment  of  cutaneous  adnexae 
(fig.  8-50  or  permeation  of  adipose  tissue  (figs. 
8-5D,  8-25)  and  skeletal  muscle  (figs.  8-30,  8-3 IF) 
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Figure  8-24 

PLEXIFORM  NEUROFIBROMA 

Onion  bulb-like  arrangement  of  neoplastic  cells  is  rarely  seen  (A).  Note  the  whorls  of  S-100  protein-immunoreactive 
Schwann  cells  (B)  around  residual  NF  protein-positive  axons  (C). 
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Figure  8-25 

PLEXIFORM  NEUROFIBROMA 

This  rather  superficially  situated  example  had  an  accompanying  diffuse  dermal  and  subcutaneous  component  (A).  At  higher 
power  the  extension  of  neurofibroma  cells  into  surrounding  adipose  tissue  is  well  seen  (B).  Immunostains  for  S-100  protein 
show  both  the  intraneural  and  extraneural  components  to  be  reactive  (C).  Immunoreactivity  for  epithelial  membrane  antigen 
(D)  is  limited  to  residual  perineurial  sheaths  surrounding  affected  fascicles. 
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Figure  8-26 

PLEXIFORM  NEUROFIBROMA 

Whole  mount  sections  of  this  example  show  multiple  fascicles  to  be  enlarged  by  neurofibroma  tissue  (A).  The  fascicles  vary  from 
pale  and  mucin  rich  to  ones  in  which  the  configuration  of  the  underlying  nerve  fibers  can  still  be  seen  (A,  top).  At  higher  power,  the 
crowded  fascicles  contain  and  are  seen  to  lie  within  a matrix  (B)  which  is  mucinous  and  strongly  reactive  on  Alcian  blue  stain  (C). 
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Figxire  8-27 

PLEXIFORM  NEUROFIBROMA 

Apparent  “tactile  differentiation”  may  be  noted.  Examples  include  pseudo-meissnerian  corpuscles  (A)  which  may  occasion- 
ally be  spherical  and  aggregated  (A,  bottom;  B).  Whorls  vaguely  reminiscent  of  pacinian  corpuscles  may  also  be  seen  (C).  These 
structures  are  S-100  protein  immunoreactive  (D,  top),  and  some  examples  have  a peripheral  rim  of  EMA-reactive  cells  (D,  bottom). 
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Figure  8-28 

PLEXIFORM  NEUROFIBROMA  WITH  MULTIFOCAL  SCHWANNOMA-LIKE  NODULES 
Such  nodules  are  typically  a microscopic  finding  in  association  with  more  typical  neurofibromatous  tissue  (A).  The 
surrounding  matrix,  unlike  the  nodules,  contains  mucin  (B,  Alcian  blue).  The  neurofibroma  component  has  scattered 
S- 100-positive  neurofibroma  cells,  whereas  the  schwannoma-like  component  is  uniformly  reactive  for  this  marker  (C).  Unlike 
ordinary  schwannomas,  the  loose  textured  tissue  surrounding  the  nodules  often  contains  residual  nerve  fibers  (D,  neurofila- 
ment protein  immunostain). 
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Figure  8-29 

PLEXIFORM  NEUROFIBROMA  INVOLVING  DORSAL  ROOT  GANGLION 
This  lesion  shows  gradual  transition  of  tumor  to  dorsal  root  ganglion  tissue  (A,  left).  The  ganglion  cells  are  a local  Finding 
within  the  tumor  (A)  and  are  accompanied  by  neurofilament  protein-immunopositive  nerve  fiber  bundles  (B).  Unlike  the 
ganglion  cells  of  ganglioneuroma,  nearly  all  are  seen  to  be  surrounded  by  a uniform  layer  of  satellite  cells  (C)  (see  figs.  9-51, 
9-53,  9-54,  and  9-59). 
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are  conspicuous  features  of  diffuse  cutaneous 
and  massive  soft  tissue  tumors,  respectively. 

Some  histologic  differences  do  exist  between 
the  various  forms  of  neurofibroma.  For  example, 
collagen  fibers  in  localized  and  diffuse  cutaneous 
neurofibromas  as  well  as  in  diffuse  soft  tissue 
neurofibromas  are  typically  delicate  (figs.  8-2, 
8-6)  and  lie  within  a variably  abundant  muco- 
polysaccharide-rich matrix.  The  latter  accounts 
for  the  gray,  translucent  appearance  of  many  local- 
ized intraneural  and  plexiform  tumors  (figs.  8-9, 
8-19,  8-21).  Intraneural  neurofibromas  frequently 
exhibit  an  abundance  of  coarse,  refractile  collagen 
fibers  (figs.  8-12,  8-14-8-16),  a feature  that  ex- 
plains their  often  tan  color  (fig.  8-10).  In  many 
instances,  the  dominant  microscopic  finding  is 
shreds  of  collagen  bundles  disposed  in  parallel 
arrangement  or  jumbled  (figs.  8-14,  8-15).  Dense 
collections  of  sizeable  collagen  bundles  bear  a 
striking  resemblance  to  “shredded  carrots”  (fig. 
8-16)  (66).  Both  in  skin  and  at  noncutaneous 
sites,  collagen  deposition  may  result  in  frank 
hyalinization  of  portions  of  a tumor  (fig.  8-14). 
This  is  particularly  true  at  the  periphery. 

The  histologic  features  of  plexiform  neurofi- 
broma are  highly  distinctive.  Early  in  their  de- 
velopment, involved  fascicles  are  hypocellular 
and  feature  prominent  endoneurial  mucin  deposi- 
tion (fig.  8-26).  The  faintly  basophilic  neurofibroma 
tissue  consists  in  large  part  of  a hyaluronidase- 
sensitive  mucopolysaccharide-rich  matrix  which 
appears  watery  gray-blue  on  hematoxylin  and 
eosin  ( H&E)  stain,  is  weakly  periodic  acid-Schiff 
(PAS)  positive,  and  reacts  strongly  in  Alcian  blue 
preparations  (fig.  8-26).  Although  present  to  some 
degree  in  all  neurofibromas,  mucoid  matrix  is 
particularly  abundant  in  plexiform  tumors,  the 
fascicles  of  which  show  considerable  variation  in 
mucin  content  (figs.  8-25,  8-26).  Over  time,  as  the 
tumors  enlarge  and  become  more  cellular,  collagen 
becomes  more  abundant.  Neurofibroma  tissue 
surrounds  nerve  fiber  bundles  (fig.  8-20)  which,  as 
a rule,  lie  at  the  center  of  affected  fascicles  where 
their  accompanying  Schwann  sheaths  appear  as 
bundles  of  wavy,  spindle  cells  (figs.  8-23,  8-26). 

Characteristic  variations  in  cell  pattern  occur 
in  neurofibromas.  Although  infrequent,  they  are 
efficiently  distinctive  as  to  be  diagnostically 
useful.  These  cell  formations  primarily  resemble 
Wagner-Meissner  corpuscles  (figs.  8-27A,B,  8- 
3 ID).  Less  often  they  vaguely  simulate  pacinian 


corpuscles  (figs.  8-24,  8-27C).  Since  such  cell 
arrangements  often  show  strong  S-100  protein 
immunoreactivity  ( fig.  8-27D ) and  the  peripheral 
cells  express  EMA  staining  (fig.  8-27D),  these 
structures  are  mere  caricatures  of  tactile  bodies. 
Normal  Wagner-Meissner  corpuscles  do  not  have 
a peripheral  rim  of  EMA-positive  cells  and  pacin- 
ian corpuscles  stain  predominantly  for  EMA,  not 
S-100  protein.  Therefore,  it  is  inappropriate  to 
refer  to  neurofibromas  with  tactile  body-like  struc- 
tures as  “pacinian  neurofibromas”  (28).  Tactile- 
like  bodies  are  most  commonly  seen  in  diffuse  and 
massive  soft  tissue  neurofibromas  as  well  as  in 
plexiform  tumors.  Occasional  neurofibromas, 
mainly  plexiform  lesions,  contain  microscopic 
nodules  composed  entirely  of  Schwann  cells,  some 
featuring  Verocay  bodies  (fig.  8-28).  When  sizable, 
these  may  resemble  small  schwannomas.  Such 
tumors  pose  a problem  in  differential  diagnosis 
between  neurofibroma  and  schwannoma.  This 
issue,  as  well  as  the  distinction  of  neurofibroma 
overrunning  ganglia  from  ganglioneuroma  (fig. 
8-29),  is  further  discussed  below. 

Melanin  production  in  neurofibromas  is  very 
uncommon.  Although  the  term  “pigmented  neuro- 
fibroma” is  often  applied,  we  do  not  consider  such 
tumors  a distinct  neurofibroma  variant.  The  only 
sizable  series,  that  of  Fetsch  et  al.  (15a),  critically 
reviews  the  literature,  eliminating  other  pig- 
mented PNSTs  (41).  Their  study  indicates  a predi- 
lection for  males  and  blacks  as  well  as  a broad  age 
range.  Approximately  50  percent  occurred  in  pa- 
tients with  NF1.  The  tumors  involved  primarily 
skin  and  subcutaneous  tissue,  varied  greatly  in 
size,  and  were  typically  of  the  diffuse  type.  Pigmen- 
tation was  generally  patchy.  Dendritic,  spindle,  or 
epithelioid  in  cytology,  the  pigmented  cells  were 
scattered  or  loosely  clustered,  often  in  superficial 
subcutaneous  tissue  (fig.  8-3 IE),  and  were  im- 
munoreactive  for  melanocytic  markers.  No  ten- 
dency to  malignant  transformation  was  noted. 

Divergent  Differentation.  We  have  studied  one 
example  of  a plexiform  neurofibroma  demon- 
strating epithelial  differentiation  (fig.  8-32). 

Atypical  and  Cellular  Neurofibroma.  Two  mi- 
croscopic features  commonly  displayed  by  neuro- 
fibromas may  fool  the  unwary  and  lead  to  an  erro- 
neous diagnosis  of  malignancy:  the  presence  of 
atypical  cells  and  diffuse  hypercellularity.  For  the 
former  we  use  the  term  “ atypical ” neurofibroma 
( 66),  denoting  tumors  often  but  not  invariably  large 
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Figure  8-30 

MASSIVE  SOFT  TISSUE  NEUROFIBROMA 

A:  This  diffuse  lesion  involved  the  buttocks  and  was  associated  with  widespread  cutaneous  hyperpigmentation. 

B:  Another  impressive  example  shows  involvement  not  only  of  the  hip  girdle  but  of  a leg  as  well  (“elephantiasis 
neuromatosa”).  The  underlying  lesion  also  included  a large  plexiform  neurofibroma. 

C:  Diffuse  components  of  such  tumors  freely  infiltrate  fat  and  skeletal  muscle. 
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Figure  8-31 

MASSIVE  SOFT  TISSUE  NEUROFIBROMA 

The  proliferation  is  typically  monomorphous  cellular  (A).  The  constituent  cells  vary  in  cytology  from  ones  with  ovoid  nuclei 
and  scant  cytoplasm  to  others  with  frankly  spindled  cytology  (B).  Such  tumors  frequently  exhibit  plexiform  components  (A,C) 
which  lie  jumbled  within  the  proliferation. 


or  of  long  standing  with  nuclear  atypia  akin  to 
that  seen  in  “ancient  schwannoma”  (2).  Cells 
with  such  large,  pleomorphic  nuclei,  cytoplasmic 
nuclear  inclusions,  smudgy  chromatin,  and  in- 
conspicuous nucleoli  are  accompanied  by  more 
typical  neurofibroma  cells  and  do  not  comprise 
the  entire  lesion  (fig.  8-33).  Unlike  the  bizarre 


malignant  cells  of  MPNST,  the  pleomorphic  cells 
of  atypical  neurofibroma  lack  mitotic  activity 
and  show  no  appreciable  MIB-1  labeling.  We 
apply  the  term  “ cellular ” neurofibroma  to  tumors 
with  increased  cellularity  with  or  without  low  level 
mitotic  activity  (fig.  8-34).  Our  concept  of  when 
neurofibroma  becomes  cellular  neurofibroma, 
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Figure  8-31  (Continued) 

Pseudo-meissnerian  corpuscles  ( D ) are  also  a common  feature.  Less  frequent  is  the  finding  of  melanin  pigmentation  ( E ).  These 
neurofibromas  typically  invade  surrounding  soft  tissues,  as  evidenced  by  extensive  skeletal  muscle  infiltration  ( F ).  The  cellularity 
of  this  example  results  from  relative  lack  of  stromal  collagen  and  should  not  be  mistaken  for  a malignant  small  cell  neoplasm. 
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Figure  8-32 

DIVERGENT  DIFFERENTIATION  IN  A PLEXIFORM  NEUROFIBROMA 

Phis  unique  example  from  the  retroperitoneum  of  a patient  with  NF1  showed  the  localized  formation  of  a nodule  (A)  within 
which  neurofibroma  tissue  was  accompanied  by  a variety  of  epithelia.  Microsections  showed  cytologically  benign  glands  in  a 
neurofibromatous  stroma  (B),  mucin-producing  goblet  cells  (C),  immunoreactivity  for  cytokeratin  as  well  as  carcinoembryonic 
antigen  (D),  and  neuroendocrine  epithelium  (E)  showing  chromogranin  immunoreactivity  (F).  The  neurofibromatous  stroma 
appeared  cytologically  benign  throughout  the  gland-containing  area,  although  early  malignant  transformation  was  noted 
elsewhere.  (Courtesy  of  Dr.  S.  Wester,  Lacrosse,  WI.) 
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Figure  8-32  (Continued) 
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Figure  8-33 

INTRANEURAL  NEUROFIBROMA  WITH  DEGENERATIVE  NUCLEAR  ATYPIA  (“ATYPICAL  NEUROFIBROMA”) 

Pleomorphic  nuclei  with  smudgy  chromatin  and  occasional  nuclear  inclusions  (A)  are  considered  a degenerative  change.  When 
occurring  in  more  cellular  tumors,  this  feature  may  prompt  consideration  of  MPNST  (B,C).  Such  cells  are  S-100  protein  positive 
(D),  but  proliferation  marker  studies  (MIB-1)  show  their  nuclei  to  be  un labeled. 
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Figure  8-34 

“CELLULAR  NEUROFIBROMA” 

When  neurofibromas  (A)  become  hypercellular,  the  desig- 
nation “cellular  neurofibroma”  is  appropriate.  Such  tumors 
may  also  feature  occasional  mitotic  figures.  Cellular  neurofi- 
broma components  ( B , C ) may  be  seen  in  MPNSTs  arising  in 
transition  from  neurofibroma.  Like  conventional  neurofibro- 
mas they  show  S-100  protein  immunoreactivity  (C).  The  point 
at  which  such  lesions  in  transit  to  MPNST  are  to  be  considered 
malignant  is  discussed  in  detail  in  chapter  9 and  is  illustrated 
in  photographic  sequence  (see  fig.  11-17). 


and  when  the  latter  gives  way  to  MPNST  is 
presented  in  chapter  11.  Since  MPNSTs  fre- 
quently arise  in  neurofibroma  and  the  various 
patterns  of  this  continuum  may  coexist  in  a 
single  specimen,  extensive  sampling  of  cellular 
neurofibromas  is  required.  On  the  basis  of  one 
limited  study,  it  appears  that  neither  atypical 
nor  cellular  neurofibromas  tend  to  recur  (35a). 

Immunohistochemical  Findings.  Although 
immunostains  are  usually  not  needed  for  diagno- 
sis, neurofibromas  of  all  types  routinely  stain  for 
S-100  protein  (figs.  8-6C,  8-16C,  8-17A,  8-23B, 
8-24B,  8-25C,  8-33D,  8-34C).  The  proportion  of 
immunoreactive  cells  is  highly  variable  but  does 
not  approach  that  seen  in  schwannoma  (25).  Tac- 
tile-like bodies  are  also  S-100  protein  immuno- 
reactive (fig.  8-27D).  Staining  for  Leu-7  is  observed 
in  greater  than  half  of  neurofibromas  (43).  Despite 


the  presence  of  cells  with  ultrastructural  features 
of  perineurial-like  cells,  neurofibromas  do  not,  as 
a rule,  contain  epithelial  membrane  antigen 
(EMA (-reactive  cells  (8-17C).  Instead,  the  only 
reactivity  for  this  antigen  is  seen  in  residual,  often 
compressed  normal  perineurium  surrounding  in- 
volved nerve  fascicles  (figs.  8-17C,  8-25D)  (7)  and 
at  the  periphery  of  some  tactile-like  bodies  (fig. 
8-27D).  A reported  exception  is  that  of  Perentes  et 
al.  (42 ) who  found  focal  weak  EMA  staining  in  two 
neurofibromas.  Neurofibromas  also  stain  variably 
for  CD34  (9c, 11,47,64).  Since  in  most  instances 
such  cells  differ  from  other  nerve  sheath  cells  by 
having  dendritic  processes  and  round  or  oval, 
rather  than  spindle-shaped  nuclei,  Weiss  and 
Nickoloff  (64)  concluded  that  CD34  reactivity 
resides  in  cells  other  than  those  expressing  S- 
100  protein.  The  authors  suggested  that  such 
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Figure  8-35 

DIFFUSE  NEUROFIBROMA 
Detail  of  a Schwann  cell  with  numer- 
ous thin  processes  that  appear  to  be 
enveloping  collagen  fibrils.  Note  the  con- 
tinuous basement  membrane  on  the  cell 
surface  (X26,400). 


cells  may  represent  an  as  yet  undescribed  nerve 
sheath  element,  one  playing  a supportive  role 
relative  to  the  Schwann  cell.  An  alternative  ex- 
planation (10,11)  is  that  CD34-immunoreactive 
cells  represent  monocytes  present  in  normal 
nerves,  perhaps  the  ones  involved  in  experimen- 
tal neuritis  (39,57).  Collagen  IV  staining  in  neu- 
rofibromas is  typically  pericellular  and  involves 
many  cells  (9b).  Residual  axons  are  neuro fila- 
ment protein  immunoreactive  (figs.  8-6D,  8-16D, 
8-24C,  8-28D,  8-29B). 

Two  immunohistochemical  studies  of  prolifera- 
tion marker  expression  by  neurofibromas  have 
been  undertaken  (32,49).  In  the  largest,  a study  of 
26  cases  (49),  the  Ki-67  (MIB-1)  labeling  indices 
ranged  from  1 to  13  percent  (mean,  4.7  percent). 
So-called  atypical  neurofibromas  had  indices  one 
standard  deviation  (3.2  percent)  higher  than  typ- 
ical tumors.  In  comparison,  28  MPNSTs  had 
indices  of  5 to  38  percent  (mean,  18.5  percent; 
standard  deviation,  9.6  percent).  A smaller  study 
of  five  cutaneous  and  four  plexiform  tumors  (Kind- 
blom)  found  MIB-1  labeling  indices  of  less  than  1 
percent  in  all  cases.  For  comparison,  all  but  3 of 
26  MPNSTs  had  values  greater  than  5 percent, 
and  half  were  greater  than  30  percent. 

Staining  for  p53  protein  is  seen  in  less  than  5 
percent  of  neurofibromas,  including  plexiform 
examples  (20,37). 

Ultrastructural  Findings.  Although  elec- 
tron microscopy  is  rarely  required  to  make  the 


diagnosis  of  neurofibroma,  it  nonetheless  plays 
a role  in  the  assessment  of  the  cellular  composi- 
tion and  the  complex  celPstroma  interactions 
that  characterize  these  lesions.  Regardless  of  the 
type  of  neurofibroma  under  consideration,  indi- 
vidual cases  as  well  as  different  areas  of  a single 
tumor  are  characterized  by  variation  in  cell 
makeup  (15,31,59). 

Schwann  Cells.  Most  cells  encountered  in  neu- 
rofibromas, irrespective  of  tumor  subtype,  are 
Schwann  cells  (figs.  8-35,  8-36).  Their  frequency 
varies  from  less  than  to  greater  than  50  percent  of 
the  constituent  cells.  Often  lying  singly,  they  are 
primarily  found  among  aggregates  of  collagen  (fig. 
8-40),  their  variously  sectioned  processes  en- 
wrapping collagen  fibrils  (figs.  8-35,  8-40). 
Schwann  cells  are  recognized  by  their  thin  arbo- 
rizing cytoplasmic  processes,  their  content  of 
intermediate  filaments  and  occasional  microtu- 
bules, and  their  continuous  basement  membrane 
(external  lamina)  (figs.  8-35,  8-40).  Pinocytotic 
vesicles  are  inconspicuous  or  absent.  Scattered 
myelinated  and  unmyelinated  nerve  fibers  are 
also  evident  (fig.  8-40)  but  are  markedly  reduced 
in  number  as  compared  to  normal  nerve. 

Perineurial-like  Cells  and  Cell  Nests  with  Tactile- 
like  Differentiation.  Cells  with  the  ultrastructural 
features  of  perineurial  cells  are  variably  distrib- 
uted within  neurofibromas:  they  are  at  the  periph- 
ery of  unmyelinated  and  myelinated  nerves,  in  the 
vicinity  of  Schwann  cells  (fig.  8-36),  and  loosely 


210 


Neurofibroma 


Figure  8-36 
CUTANEOUS 
NEUROFIBROMA 
A Schwann  cell  (center  left)  with  a 
continuous  basement  membrane  is 
surrounded  by  collagen  fibrils.  Por- 
tions of  three  perineurial-like  cell  pro- 
cesses, one  at  the  top  right  and  two  at 
the  bottom  right,  with  distinctive  pi- 
nocytotic  vesicles,  are  also  evident 
(X25.000). 


Figure  8-37 
CUTANEOUS 
NEUROFIBROMA 
Detail  of  a perineurial-like  cell  pro- 
cess with  pinocytotic  vesicles,  scattered 
intermediate  filaments,  and  remnants 
of  basement  membrane  substance  in 
the  acellular  myxocollagenous  matrix 
(by  light  microscopy)  (X69,300). 


scattered  within  myxocollagenous  matrix  (fig. 
8-37).  Such  cells  feature  long,  straight  or  gently 
curved,  very  thin  cytoplasmic  processes  with  abun- 
dant pinocytotic  vesicles  and  a discontinuous  coat 
of  basement  membrane.  They  are  referred  to  as 
perineurial-like  cells  since,  to  date,  they  have  not 
been  shown  to  express  EMA  immunoreactivity. 
Immunoelectron  microscopy  is  necessary  to  deter- 
mine whether  EMA  is  present  in  the  very  thin, 
widely  separated  processes  of  these  cells. 

Tactile  corpuscle-like  cell  arrangements  in  neu- 
rofibroma, ones  consisting  of  cells  with  processes 
either  stacked  or  arranged  in  circular  lamellae,  are 


generally  likened  to  meissnerian  and  pacinian 
corpuscles,  respectively  (5,12,29,50,52,55).  Some 
neurofibromas  with  these  features  have  loosely 
been  referred  to  as  pacinian  neurofibromas  (46, 
63).  Other  examples  of  so-called  pacinian  neuro- 
fibroma either  lacked  features  which,  on  critical 
review,  would  have  supported  that  diagnosis  (9, 
35,37,45,58),  or  are  best  interpreted  as  examples 
of  nerve  sheath  myxoma  (36,40).  Whereas  normal 
meissnerian  and  pacinian  corpuscles  are  com- 
posed mainly  of  Schwann  and  perineurial  cells, 
respectively  (see  chapter  2),  ultrastructural  (fig. 
8-38)  (28,29,55,62,63)  and  immunohistochemical 
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A portion  of  a lamellar  structure  resembling  a pacinian- 
like  corpuscle  consisting  of  parallel  arrays  of  perineurial- 
like  cell  processes.  Note  the  pinocytotic  vesicles  and  the 
discontinuous  basement  membranes  (X36,400). 


Figure  8-39 

CUTANEOUS  NEUROFIBROMA  IN  NF1 


Shown  is  a fibroblastic  cell  with  a moderately  well-devel- 
oped rough  endoplasmic  reticulum  (arrow),  few  pinocytotic 
vesicles,  and  no  basement  membrane  surrounded  by  colla- 
gen fibrils.  Schwann  cell  processes  are  coated  by  a distinct 
basement  membrane  (X16,300). 


Figure  8-40 

PLEXIFORM  NEUROFIBROMA 
An  aggregate  of  collagen  fibrils 
is  intermixed  with  two  myelinated 
axons  (top),  two  unmyelinated 
axons  (arrow),  and  numerous  com- 
plex Schwann  cell  processes  that 
entrap  collagen  fibrils  (X8,800). 
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findings  (28,52,62)  are  discordant  with  respect 
to  the  constituent  cells  of  tactile-like  structures 
in  neurofibromas.  Even  though  they  are  immu- 
noreactive  for  S-100  protein,  a Schwann  cell 
marker,  their  fine  structure  is  that  of  perineur- 
ial-like  cells  (30,62). 

Fibroblasts.  Fibroblasts,  characterized  by 
ample,  branching  rough  endoplasmic  reticulum, 
a well-developed  Golgi  apparatus,  sparse  pino- 
cytotic  vesicles,  and  lack  of  basement  membrane 
coating  (fig.  8-39),  are  found  in  greatest  number 
in  cutaneous  and  sclerotic  neurofibromas.  As 
previously  noted,  studies  have  suggested  that 
neurofibroma  fibroblasts  may  differ  from  normal 
fibroblasts  (24,44). 

Tr'ansitional  Cells.  Cells  with  features  of  both 
perineurial  cells  and  fibroblasts  or  of  Schwann 
and  perineurial  cells  are  found  in  varying  num- 
ber in  neurofibromas.  Such  cells  are  termed 
transitional  cells  and  appear  to  be  hybrids  in 
terms  of  their  ultrastmctural  features.  For  ex- 
ample, the  perineurial  fibroblast  is  character- 
ized by  a moderately  well-developed  rough  endo- 
plasmic reticulum  and  bipolar  cytoplasmic 
processes  somewhat  thicker  than  those  of  nor- 
mal perineurial  cells,  but  featuring  scattered 
pinocytotic  vesicles  and  occasional  short  seg- 
ments of  surface  basement  membrane. 

DNA  Flow  Cytometry.  On  the  basis  of  one 
flow  cytometric  study  of  26  neurofibromas,  66 
percent  were  diploid  and  the  remainder  were 
aneuploid;  1 to  8 percent  of  cells  were  in  S phase 
(mean  3.4  percent) (49).  Of 28 MPNSTs  similarly 
studied,  64  percent  were  aneuploid;  2 to  46  per- 
cent of  cells  were  in  S phase  (mean,  12.4  percent). 
A smaller  image  analysis  study  of  Feulgen- 
stained  sections  found  one  of  five  neurofibromas 
to  have  a hyperdiploid  DNA  histogram,  with  the 
remainder  diploid  (48). 

Differential  Diagnosis.  The  differential  di- 
agnosis of  neurofibroma  includes  schwannoma, 
low-grade  MPNST,  ganglioneuroma,  dermatofibro- 
sarcoma  protuberans  of  ordinary  and  pigmented 
types  (Bednar  tumor),  nerve  sheath  myxoma, 
myxoma,  and  neuronevus. 

A detailed  summary  of  the  features  distin- 
guishing localized  intraneural  neurofibroma 
from  schwannoma,  the  principal  lesion  in  the 
differential  diagnosis,  appears  in  Table  7-1.  Neu- 
rofibromas are  more  often  fusiform  than  globu- 
lar, and  do  not  lie  eccentric  to  the  parent  nerve. 


Furthermore,  they  lack  both  a thick  hyaline 
capsule,  hyalinized  vasculature,  degenerative 
cyst  formation,  and  usually,  Antoni  A and  B 
growth  patterns  with  Verocay  body  formation. 
As  previously  noted,  nodules  of  Antoni  A tissue 
are  rarely  seen  in  neurofibroma  (fig.  8-28).  The 
nuclei  of  neurofibroma  cells  are  approximately 
one  third  to  half  the  size  of  those  found  in 
schwannoma  cells.  Unlike  schwannomas,  neuro- 
fibromas often  feature  conspicuous,  broad  bands 
of  collagen  (“shredded  carrots”).  Neurofibromas 
contain  collagen  fibers  of  types  1 and  3,  whereas 
those  in  schwannomas  are  predominantly  of 
type  3 (27).  Pools  of  mucinous  matrix  are  far 
more  often  seen  in  neurofibromas.  Since  immu- 
noreactivity  for  S- 100  protein  is  a feature  of  some 
but  not  all  neurofibroma  cells,  staining  is  less 
uniform  and  pronounced  than  in  schwannoma. 
Lastly,  unlike  the  cellular  heterogeneity  that 
ultrastructurally  characterizes  neurofibromas 
(see  above),  schwannomas  consist  of  a uniform 
population  of  well-differentiated  Schwann  cells. 

The  distinction  of  neurofibroma  from  low- 
grade  MPNST  usually  poses  no  problem,  but 
atypical  neurofibromas  (fig.  8-33)  and  cellular 
neurofibromas  (fig.  8-34)  may  (66).  The  spectrum 
of  cellular  neurofibromas  and  our  “cut  off”  for  a 
diagnosis  of  low-grade  MPNST  is  discussed  in 
detail  and  illustrated  elsewhere  (see  chapter  11; 
fig.  11-17).  Degenerative  nuclear  atypia,i.e.,  pleo- 
morphism,  smudgy  hyperchromasia,  and  nuclear 
cytoplasmic  pseudoinclusions,  when  associated 
with  no  or  only  rare  mitotic  activity,  is  of  no  clinical 
significance  (fig.  8-33).  Such  cells  are  typically 
S-100  protein  immunoreactive  (fig.  8-32)  and  lack 
staining  for  proliferation  markers.  The  nuclear 
changes  in  atypical  neurofibromas  are,  there- 
fore, similar  to  those  in  ancient  schwannoma,  a 
tumor  noted  for  its  degenerative  nuclear  atypia. 

The  distinction  of  ganglioneuroma  from  neuro- 
fibroma rests  upon  the  identification  of  ganglion 
cells  and  abundant  nerve  fibers,  definitive  features 
of  the  former  and  ones  not  seen  in  ordinary  neuro- 
fibroma. Both  features  may,  however,  be  seen  in 
neurofibromas  overrunning  dorsal  root  or  auto- 
nomic ganglia  ( fig.  8-29 ).  In  such  cases  the  ganglion 
cells  are  not  distributed  throughout  the  lesion,  but 
rather  are  localized.  Furthermore,  they  lie  among 
aligned  nerve  fiber  bundles  uniformly  oriented 
traversing  the  overrun  ganglion  (fig.  8-29B).  Un- 
like the  majority  of  dorsal  root  nerve  fibers,  those 
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Figure  8-41 
BEDNAR  TUMOR 

Unlike  neurofibroma,  such  lesions  are  composed  of  S-100  protein-negative  spindle  cells  in  a storiform  arrangement.  Lying 
among  them  are  pigmented  spindle  cells  (A).  Such  cells  are  positive  on  melanin  stain  (B,  Fontana)  and  are  S-100  protein 
immunoreactive  (C).  Bednar  tumors,  like  ordinary  dermatofibrosarcoma  protuberans,  show  strong  CD34  immunoreactivity  (D). 


of  ganglioneuroma  are  unmyelinated.  Although 
normal  and  ganglioneuromatous  ganglion  cells 
are  surrounded  by  satellite  cells,  such  cells  are 
less  numerous  and  uniformly  arranged  in 
ganglioneuromas  (fig.  8-29C). 

Due  to  the  propensity  of  dermatofibrosarcoma 
protuberans  (DFSP)  to  infiltrate  dermal  and  ad- 
ipose tissue  and  its  capacity  to  undergo  myxoid 
nge,  it  may  be  mistaken  for  diffuse  neurofi- 
broma. In  contrast  to  the  latter,  DFSP  is  more 
cellular,  consists  of  larger  cells  resembling  fibro- 
blasts, usually  shows  a storiform  pattern,  and 
lack  both  pseudo-meissnerian  corpuscles  and  S- 


100  protein  immunoreactivity.  Like  neurofi- 
broma (1,3,4,11,23,33,47),  the  cells  of  DFSP  ex- 
press CD34  (11,64),  however,  the  pattern  of 
CD34  staining  in  neurofibroma  is  variable  and 
never  affects  all  the  cells.  In  DFSP  virtually 
every  cell  is  CD34  immunoreactive  (64).  Neuro- 
fibromas with  pigmented  cells  must  be  distin- 
guished from  the  so-called  Bednar  tumor  (fig. 
8-41)  (8),  some  examples  of  which  were  wrongly 
termed  “storiform  neurofibroma.”  It  is  thought 
by  some  that  this  slow-growing,  focally 
pigmented  dermal  tumor  is  a DFSP  secondarily 
colonized  by  dendritic  melanocytes  (16).  Unlike 
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Figure  8-42 

CONGENITAL  NEVUS  AND  NEURONEVUS 

Both  lesions  may  show  conspicuous  schwannian  differentiation.  Readily  recognized  by  its  superficial  component  of  ordinary  nevus 
cells  (A),  the  congenital  nevus  may  exhibit  well-formed  pseudo-meissnerian  corpuscles  in  an  obviously  schwannian  background  (B). 
Neuronevus  similarly  consists  of  a superficial  nevus  cell  component  (C)  and  a deeper  portion  with  schwannian  features  (D). 


neurofibroma  cells,  the  predominant  spindle 
cells  of  Bednar  tumor  lack  S-100  protein  immu- 
noreactivity  (fig.  8-41D)  and  ultrastructurally 
resemble  fibroblasts  ( 14,34). 

Differing  from  most  neurofibromas,  nerve 
sheath  myxoma  exhibits  a distinctly  lobulated 
architecture,  marked  hypocellularity,  the  pres- 
ence of  “stringy”-appearing  spindle  and  occa- 
sionally epithelioid  cells,  multinucleation,  vacu- 
olation  of  both  nuclei  and  cytoplasm,  and  no 
nerve  association.  Immunostaining  for  S-100 
protein  is  seen  in  both  lesions  and  does  not 
reliably  distinguish  the  two  tumors.  At  the  ultra- 


structural  level,  nerve  sheath  myxomas  lack  the 
heterogeneity  of  neurofibroma,  since  they  are 
composed  mainly  of  Schwann  cells. 

The  distinction  of  neurofibroma  from  spindle 
cell  lipoma  rests  upon  the  frequent  occurrence  of 
the  latter  in  deep  soft  tissue  of  the  posterior  neck 
in  elderly  patients,  and  its  delicate  encapsula- 
tion, often  conspicuous  vascularity,  content  of 
fat,  lack  of  degenerative  atypia,  and  occasional 
floret  cell  formation.  Its  spindle  cells  are  CD34 
immunoreactive,  and  lack  staining  for  both  S- 
100  protein  and  the  basement  membrane  mark- 
ers, collagen  type  4 and  laminin. 
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Due  to  its  lack  of  extensive  collagen  fiber 
formation,  myxoma  is  usually  readily  distin- 
guished from  myxoid  neurofibromas.  A firmer 
distinction  rests  upon  demonstrating  lack  of  S- 
100  reactivity  in  myxoma. 

It  may  be  very  difficult  to  distinguish  cutane- 
ous neurofibroma  from  deep  portions  of  congen- 
ital or  neuronevi  (fig.  8-42).  The  finding  of  classic 
nevus  cells  in  superficial  portions  of  a neu- 
ronevus is,  of  course,  the  most  helpful  diagnostic 
feature.  Most  neuronevus  cells  have  conspicuous 
cytoplasm,  whereas  that  of  neurofibroma  cells  is 
often  inapparent  in  conventionally  stained  ma- 
terial. An  additional  distinguishing  feature  is 
the  strong  pattern  of  diffuse  S-100  protein  ex- 
pression in  neuronevus  as  opposed  to  less  uni- 
form staining  in  neurofibroma. 

Few  lesions  enter  into  the  differential  diagno- 
sis of  plexiform  neurofibroma.  These  variously 
affect  skin,  subcutaneous  tissue,  and  superficial 
soft  tissue  and  include  primarily  plexiform 
schwannoma  and  plexiform  fibrohistiocytic 
tumor.  Unlike  plexiform  neurofibroma,  plexi- 
form schwannoma  consists  of  a uniform  prolifer- 
ation of  Schwann  cells  occasionally  forming  Ver- 
ocay  bodies  (21)  and  lacking  a significant  stromal 
mucopolysaccharide  matrix.  The  cells  of  plexiform 
schwannoma  are  larger  than  those  of  neuro- 
fibroma, are  uniformly  and  strongly  S-100  protein 
immunoreactive,  and  represent  well-  differenti- 
ated Schwann  cells.  Both  lesions  may  contain 
scant  residual  neurofilament  protein-immunore- 
active  axons  and  a delicate  investment  of  EMA- 
positive  perineurial  cells.  Whereas  plexiform  neu- 
rofibromas often  have  a diffusely  extraneural 
component,  the  cells  of  plexiform  schwannoma 
are  limited  to  nerves.  Plexiform  schwannomas 
are  unaccompanied  by  overlying  cutaneous  pig- 
mentation, a feature  of  some  plexiform  neurofi- 
bromas. Unlike  plexiform  neurofibroma,  the  der- 
mal variant  of  plexiform  fibrohistiocytic  tumor 
occurs  predominantly  in  females,  generally  mea- 


sures only  1 to  2 cm,  and  is  hard  in  texture  (67). 
This  tumor  is  skin-colored  and  not  associated 
with  hyperpigmentation.  The  “bag  of  worms”  ap- 
pearance so  characteristic  of  plexiform  neurofi- 
broma is  only  rarely  seen  ( 67 ).  In  contrast  to  plexi- 
form neurofibroma,  fibrohistiocytic  tumors  exhibit 
a biphasic  histology  which  includes  a major  com- 
ponent of  spindle  to  stellate  myofibroblasts  with 
accompanying  stromal  collagen  and  scattered 
osteoclast-like  giant  cells  as  well  as  epithelioid 
mononuclear  cells.  The  myofibroblasts  are  HHF35 
immunoreactive  and  the  osteoclast-like  giant  cells 
are  positive  for  KP-1  (CD68)  (67).  Plexiform  fibro- 
histiocytic tumors  lack  a nerve  association  and 
are  immunonegative  for  S-100  protein. 

Treatment  and  Prognosis.  Resection  of  lo- 
calized or  diffuse  cutaneous  neurofibroma  is  cura- 
tive and  unassociated  with  neurologic  deficits. 
Large  lesions  of  the  diffuse  or  massive  soft  tissue 
type  may  be  amenable  to  only  subtotal  removal.  As 
previously  noted,  diffuse  cutaneous  neurofibromas 
rarely  undergo  malignant  change. 

Although  curative  treatment  of  localized  in- 
traneural  neurofibroma  consists  of  resection,  a 
procedure  which  necessarily  requires  sacrifice  of 
the  parent  nerve,  excision  of  major,  still  functional 
nerves  may  not  be  warranted.  The  same  is  true  in 
the  case  of  large  plexiform  neurofibroma  which,  if 
entirely  resected,  can  produce  devastating  neuro- 
logic sequelae.  In  addition  to  alleviating  the  me- 
chanical disability  that  accompanies  large  neuro- 
fibromas, some  are  resected  because  of  pain  or 
rapid  increase  in  size.  Both  these  manifestations 
may  herald  malignant  transformation,  an  uncom- 
mon occurrence  in  localized  intraneural  neurofi- 
broma ( 56),  but  one  that  may  occur  in  up  to  5 percent 
of  plexiform  tumors  (13).  In  one  recent  large  series 
of  plexiform  neurofibromas  (37),  patients  whose 
tumors  showed  MPNST  transformation  were 
older  than  those  with  benign  lesions  (38  versus 
22  years);  the  rate  of  tumor  recurrence  also 
differed  substantially  (47  versus  23  percent). 
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PERINEURIOMA 

The  cytogenesis  and  histologic,  immunohisto- 
chemical,  and  ultrastructural  features  of  peri- 
neurial  cells  are  discussed  in  chapter  1.  Alone  or 
with  other  nerve  sheath  elements,  perineurial  or 
perineurial-like  cells  contribute  to  the  formation 
of  a variety  of  nerve  sheath  lesions  (6).  These 
include  reactive  processes  such  as  traumatic, 
plantar,  and  palisaded  encapsulated  neuroma, 
as  well  as  benign  nerve  sheath  tumors,  particu- 
larly neurofibroma.  Rare  malignant  peripheral 
nerve  sheath  tumors  (MPNST)  may  also  show 
perineurial  cell  differentiation  (9,10).  The  term 
perineurioma,  however,  is  reserved  for  two  forms 
of  PNST  consisting  of  well-differentiated  peri- 
neurial cells.  One  presents  as  a soft  tissue  tumor 
and  the  other  as  an  intraneural  tumor  with  dis- 
tinctive clinicopathologic  features.  Both  tumors 
have  an  abnormality  of  chromosome  22  (5,8). 

Perineurial  cell  growth  cannot  be  identified 
with  certainty  on  conventionally  stained  material. 
This  is  obviated  by  their  specific  ultrastructural 
appearance  and  characteristic  immunohisto- 
chemical  staining  profile.  Thus,  proof  of  the  peri- 
neurial cell  constitution  of  a tumor  necessitates 
the  demonstration  of  perineurial  cell  features 
using  one  or  both  of  these  specialized  techniques. 

Intraneural  Perineurioma 

Definition.  This  is  an  intraneural  neoplasm 
composed  exclusively  of  perineurial  cells. 

General  Comments.  Given  the  superficial 
microscopic  resemblance  of  intraneural  peri- 
neuriomas  to  reactive  or  hereditary  lesions  com- 
posed of  Schwann  cells  (Charcot-Marie-Tooth 
disease,  Dejerine-Sotas  disease),  it  was  not  until 
the  application  of  electron  microscopy  and  there- 
after immunohistochemistry  that  intraneural 
perineurial  proliferations  were  recognized. 
Their  essential  nature,  whether  reactive  and 
resembling  a perineurial  response  to  injury 
(12,25)  or  neoplastic  (3,24),  has  been  contested. 
Those  favoring  a reactive  interpretation  con- 
sider the  lesion  to  be  an  exaggerated  perineurial 
reaction  to  injury,  such  as  repeated  trauma  or 


ischemia,  with  resultant  breakdown  of  the  peri- 
neurial-endoneurial  barrier.  The  resultant 
microfasciculation  produced  by  such  injuries  has 
been  well  studied.  Whether  spontaneous  or  ex- 
perimentally induced  (2,14,23),  the  micro- 
fasciculation is  limited  in  extent  and  differs  in 
cytoarchitecture.  Recent  cytogenetic  demonstra- 
tion of  a clonal  abnormality  of  chromosome  22  in 
intraneural  perineurioma,  one  similar  to  that 
observed  in  meningioma  and  soft  tissue  peri- 
neurioma (8),  argues  strongly  in  favor  of  the 
lesion  being  a neoplastic  process  (5). 

Over  30  cases  of  intraneural  perineurioma 
have  been  reported  to  date  (5),  most  under  the 
umbrella  term  “localized  hypertrophic  neuropa- 
thy,” a designation  we  reserve  for  localized,  non- 
hereditary  Schwann  cell  proliferations  charac- 
terized by  onion  bulb  formation  (see  chapter  5). 

Clinical  Features.  Patients  with  intraneu- 
ral perineurioma  typically  present  in  adolescence 
or  early  adulthood,  and  males  and  females  are 
equally  affected.  An  antecedent  history  of  trauma 
is  exceptional  (3,20,22).  The  most  common  symp- 
tom is  muscle  weakness  which  is  progressive 
over  months  to  15  years  ( 16 ).  Sensory  disturbances 
are  less  often  noted.  On  physical  examination, 
localized  muscle  atrophy  may  be  apparent.  Elec- 
tromyography demonstrates  denervation.  Al- 
though the  affected  nerve  is  only  occasionally 
palpable,  magnetic  resonance  imaging  (MRI) 
scans  generally  show  segmental  enlargement. 
Cranial  nerve  involvement  is  rare  (16). 

Gross  Findings.  Intraneural  perineuriomas 
produce  symmetric  tubular  enlargement  of  the 
affected  nerve,  increasing  its  diameter  several 
fold  (fig.  9-1).  When  the  epineurium  is  stripped, 
individual  nerve  fascicles  often  appear  coarse 
and  pale  (fig.  9-1B-D),  and  firm  in  texture.  As  a 
rule,  intraneural  perineuriomas  are  localized. 
Most  measure  2 to  10  cm  in  length,  although  one 
exceptional  lesion  was  greater  than  30  cm  (fig. 
9- ID)  (5).  The  “bag  of  worms”  appearance  so 
characteristic  of  plexiform  neurofibroma  is  not 
seen.  With  the  exception  of  one  case  in  which  two 
adjacent  spinal  nerve  roots  were  involved  (5), 
intraneural  perineuriomas  are  solitary  lesions. 
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Figure  9-1 

INTRANEURAL  PERINEURIOMA 

An  operative  photograph  (A)  of  a peroneal  nerve  lesion  shows  the  normal  tibial  nerve  (left)  beside  the  affected  peroneal  nerve  (right) 
ooth  before  (A)  and  after  (B)  opening  of  the  epineurium.  Note  the  abnormal,  somewhat  nodular  appearance  of  the  enlarged  fascicles. 
1 ascicular  thickening  is  even  more  apparent  in  a tibial  example  (C).  One  remarkably  extensive  tumor  (D)  involved  the  sciatic  nerve 
from  the  level  of  the  sciatic  notch  to  the  knee.  The  epineurium  has  been  opened  to  demonstrate  the  enlarged  fascicles. 
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Microscopic  F indings.  On  cross  section  of  an 
affected  nerve,  the  recognition  of  intraneural  peri- 
neurioma  is  based  upon  the  finding  of  whorls  of 
perineurial  cells  around  nerve  fibers  (figs.  9-2-9- 
4).  These  circumferential  arrangements  have  been 
termed  “pseudo-onion  bulbs,”  given  their  superfi- 
cial resemblance  to  the  better  organized,  Schwann 
cell-derived  onion  bulbs  that  typify  hypertrophic 
neuropathies  (see  chapter  5).  Whereas  the  telltale 
whorls  of  intraneural  perineurioma  are  readily  ap- 
parent on  cross  sections  of  the  affected  nerve,  longi- 
tudinal sections  show  only  ill-defined,  parallel,  rope- 
like bundles  of  perineurial  cells  surrounding  nearly 
indiscernible  nerve  fibers  (fig.  9-5).  In  most  in- 
stances, well-oriented  cross  sections  show  most 
fascicles  to  be  affected  and  to  appear  enlarged.  On 
occasion,  however,  several  fascicles  in  an  otherwise 
heavily  involved  nerve  may  appear  entirely  spared 
(fig.  9-6A).  Both  the  perineurium  and  perineurial 
septa  of  affected  fascicles  may  be  variably  thick- 
ened by  proliferating  perineurial  cells  (fig.  9-6B,C ). 
Although  these  cells  may  extend  from  the  parent 
nerve  perineurium  into  the  endoneurium,  they  do 
not  invade  surrounding  epineurial  tissue. 

Compared  to  normal  nerve,  perineuriomas  are 
distinctly  hypercellular.  This  is  due  entirely  to  the 
numerous  overlapping  perineurial  cells  disposed 
concentrically  about  axons  (figs.  9-2-9-4).  Despite 
their  number,  arrangement,  and  the  occasional 
enlarged  or  hyperchromatic  example  (figs.  9-2B,C, 
9-6C,D),  most  cells  appear  to  be  cytologically  nor- 
mal. Nuclei  are  elongate  and  chromatin  is  delicate 
(fig.  9-5A).  Mitoses  are  absent  or  exceedingly  rare 
(fig.  9-6D).  Cell  layers  vary  considerably  in  num- 
ber but  five  or  six  laminae  are  often  seen  (fig. 
9-2B,C).  In  optimal  preparations  or  in  plastic- 
embedded  semi-thin  sections,  cells  at  the  periph- 
ery of  a whorl  may  occasionally  sweep  toward 
and  contribute  to  the  structure  of  an  adjacent 
whorl  (fig.  9-2B).  Particularly  large  whorls  may 
contain  numerous  nerve  fibers  (fig.  9-4B,C).  En- 
doneurial  capillaries  may  also  be  surrounded  by 
whorls  of  perineurial  cells  (fig.  9-2D).  In  well-es- 
tablished or  chronic  lesions,  stains  for  axons  and 
myelin  such  as  the  Bielschowsky  and  Luxol-fast 
blue-periodic  acid-Schiff  (PAS)  preparations, 
show  them  to  be  scant  or  absent  despite  the 
persistence  of  Schwann  cells  at  the  center  of 
most  whorls  (fig.  9-4D).  Collagen  characterizes 
chronic  lesions  (fig.  9-7,  right). 


Immunohistochemical  Findings.  Similar 

to  normal  perineurial  cells,  the  tumor  cells  form- 
ing pseudo-onion  bulbs  exhibit  immunoreactiv- 
ity  for  epithelial  membrane  antigen  (EMA)  (figs. 
9-3A,  9-5B).  The  EMA  staining  pattern  is  mem- 
branous and  widespread.  Reactivity  is  limited  to 
pseudo-onion  bulbs,  perineurial  cells  involving 
septa,  and  remaining  normal  perineurium.  Lack 
of  S-100  protein  staining  in  the  concentrically 
layered  cells  clearly  distinguishes  these  lesions 
from  a Schwann  cell  process.  Residual  axons  and 
Schwann  cells,  whether  myelinated  or  not,  are 
immunoreactive  for  neurofilament  protein  and 
S-100  protein,  respectively  (fig.  9-3C,D). 

One  recent  study  reported  significant  nuclear 
immunoreactivity  for  proliferation  markers,  in- 
cluding proliferating  cell  nuclear  antigen 
(PCNA)  and  MIB-1  (5);  the  MIB-1  labeling  index 
ranged  from  5 to  15  percent. 

Immunoreactivity  for  p53  protein  has  been 
reported  in  a significant  proportion  of  peri- 
neuriomas; its  significance  is  uncertain  (5). 

Ultrastructural  Findings.  Unlike  their 
solid,  soft  tissue  counterparts,  the  essential  ar- 
chitecture of  intraneural  perineuriomas  consists 
of  two  components:  one  or  more  non-neoplastic, 
myelinated  or  unmyelinated  axons  and  Schwann 
cells  surrounded  by  multiple  layers  of  neoplastic, 
but  rather  normal-appearing  perineurial  cells. 
The  latter  are  separated  by  basement  membrane 
substance  and  variable  numbers  of  collagen  fibrils 
(figs.  9-8,  9-9).  The  ultrastructural  features  of  nor- 
mal perineurium  are  described  in  chapter  2. 

Differential  Diagnosis.  The  differential  di- 
agnosis of  intraneural  perineurioma  is  limited 
because  the  uniform  pseudo-onion  bulbs  noted 
on  cross  sections  of  affected  nerve  are  mimicked 
only  by  the  Schwann  cell-derived,  true  onion 
bulbs  occurring  in  hypertrophic  neuropathies. 
Such  disorders  are  either  inherited  and  general- 
ized (hereditary  sensorimotor  neuropathies)  or 
are,  on  rare  occasion,  sporadic  and  focal  (see 
chapter  5).  The  schwannian  nature  of  these  more 
discrete  and  uniform  size  onion  bulbs  is  readily 
confirmed  by  S-100  protein  immunostains  which 
are  positive;  stains  for  EMA  are  negative. 

Even  infrequently  occurring  cylindrical  neuro- 
fibromas involving  a segment  of  nerve  pose  no  prob- 
lem in  differential  diagnosis.  Their  lesser  cellularity 
and  the  way  in  which  residual  axons,  unac- 
companied by  multilayer  sheaths  of  encircling 
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Figure  9-2 

INTRANEURAL  PERINEURIOMA 

Making  the  correct  diagnosis  depends  upon  examination  of  cross  sections  of  the  nerve  to  demonstrate  the  hypercellular 
fascicles,  approximately  four  of  which  appear  in  this  field  (A).  At  higher  power,  distinctive  pseudo-onion  bulbs  (B)  are  seen  to 
be  composed  of  perineurial  cells  surrounding  one  or  more  nerve  fibers  and  their  accompanying  Schwann  sheaths.  Note 
occasional  “spinning  off’  of  perineurial  cells  from  one  pseudo-onion  bulb  to  another  (C).  Whorls  may  also  form  around 

endoneurial  vessels  (D). 
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Figure  9-3 

INTRANEURAL  PERINEURIOMA 

Pseudo-onion  bulbs  consist  of  multilayer  wrappings  of  EMA-positive  perineurial  cells  (A)  around  normal,  Bielschowsky- 
positive  (B),  neurofilament-reactive  axons  (C)  and  their  S-100  protein-positive  Schwann  sheaths  (D). 
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Figure  9-4 

INTRANEURAL  PERINEURIOMA 

Microscopic  variations  include  partial  involvement  of  nerve  fascicles.  Some  fibers  are  unaffected,  others  only  show  scant 
perineurial  ensheathment  (A).  In  some  instances,  large  pseudo-onion  bulbs  are  seen  surrounding  bundles  of  numerous  nerve 
fibers  (B),  a finding  best  seen  on  neurofilament  stain  (C). 
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Figure  9-5 

INTRANEURAL  PERINEURI OMA 

Although  assessment  of  longitudinal  sections  makes  the  diagnosis  more  difficult,  perineurial  wrapping  of  fibers  imparts  a 
characteristic  ropy  appearance  (A)  which  is  accentuated  on  EMA  stain  (B).  Luxol-fast  blue-PAS  preparation  of  a variably 
affected  fascicle  shows  gradation  of  myelin  loss  (C).  Axonal  loss  is  well  seen  on  neurofilament  protein  immunostains  (D). 
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Figure  9-6 

INTRANEURAL  PERINEURIOMA 

Although  the  gross  appearance  of  such  tumors  does  not  suggest  malignancy,  some  microscopic  features  may  be  misleading, 
ihese  include  marked  variation  in  endoneurial  cellularity  (A),  conspicuous  involvement  of  the  perineurium  (B,C),  and  the 
occurrence  of  occasional  mitoses,  particularly  when  seen  in  longitudinal  sections  (D). 
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Figure  9-7 

INTRANEURAL  PERINEURIOMA 

In  longstanding  cases,  extensive  collagen  deposition  is  associated  with  near-total  loss  of  nerve  fibers  and  myelin,  here  illustrated 
on  a neurofilament  protein  preparation  (left)  and  a Luxol-fast  blue-PAS  stain  for  myelin  ( right).  Note  only  rare  blue  myelin  sheaths. 
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Figure  9-8 
INTRANEURAL 
PERINEURIOMA 
Two  myelinated  nerve  fibers 
are  circumferentially  surrounded 
by  layers  of  perineurial  cells 
(X7.500). 
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Figure  9-9 
INTRANEURAL 
PERINEURIOMA 
Higher  magnification  of  a 
pseudo-onion  bulb  showing  nine 
thin  perineurial  cell  cytoplasmic 
processes  and  part  of  a nucleus. 
Numerous  pinocytotic  vesicles, 
surface  basement  membranes, 
and  abundant  stromal  collagen  fi- 
brils are  evident  (X18,500).  (Fig- 
ures 9-9,  9-12,  9-17,  and  9-18  are 
from  the  same  patient.) 


perineurial  cells,  appear  to  float  in  an  Alcian 
blue-positive  mucopolysaccharide-rich  stroma  is 
very  different  from  perineurioma.  Neurofibro- 
mas occasionally  show  onion  bulb-like  structures 
superficially  resembling  those  of  perineurioma, 
but  the  cells  react  for  S-100  protein  rather  than  for 
EMA.  In  comparison,  the  neoplastic  cells  of  in- 
traneural  perineuriomas  encircle  nerve  fibers 
and  are  EMA  reactive,  S-100  protein  staining 
being  strictly  limited  to  Schwann  sheaths. 

A particular  concern  is  that  intraneural  peri- 
neurioma not  be  mistaken  for  MPNST.  In  view 
of  the  uniform  cylindrical  shape,  small  diameter, 
and  generally  limited  extent  to  which  intraneural 
perineuriomas  involve  nerve,  they  are  not  likely  to 
be  confused  with  MPNST.  Nonetheless,  the  cellu- 
larity  of  intraneural  perineurioma  (fig.  9-6A),  par- 
ticularly when  cut  in  longitudinal  section  (fig.  9- 
5A),  and  the  finding  of  the  occasional  mitotic  figure 
(fig.  9-6D)  may  cause  concern.  Careful  inspection 
of  such  longitudinal  sections  reveals  a ropy  appear- 
ance corresponding  to  the  parallel  sheaths  of  peri- 
neurial cells  encircling  axons.  Should  the  differen- 
tial arise  at  the  time  of  frozen  section,  the  simplest 
solution  is  to  examine  a cross  section  of  the  lesion: 
MPNSTs  lack  pseudo-onion  bulb  formation. 
Lastly,  the  positive  reaction  of  pseudo-onion  bulbs 
for  EMA  confirms  the  diagnosis  of  perineurioma. 

Treatment  and  Prognosis.  Long-term  fol- 
low-up has  confirmed  the  benign  nature  of  in- 
traneural perineurioma  by  showing  there  is  nei- 
ther a risk  of  recurrence  nor  of  metastasis  (5).  Our 


experience  indicates  that  biopsy  alone  is  suffi- 
cient for  diagnosis.  It  is  advised  that  fascicles 
confirmed  to  be  nonfunctional  by  direct  nerve 
stimulation  be  selected  for  biopsy.  In  our  opinion, 
even  if  only  partially  functional,  affected  nerves 
should  be  preserved.  Excision  and  nerve  graft 
reconstruction  should  only  be  considered  in  the 
setting  of  a totally  nonfunctional  nerve  with  a 
well-localized  lesion.  Even  after  reconstruction, 
recovery  of  nerve  function  may  not  be  obtained. 

Resection,  when  undertaken,  is  curative.  No 
recurrences  have  been  reported. 

Soft  Tissue  Perineurioma 

Definition.  This  is  a soft  tissue  tumor  con- 
sisting of  differentiated  perineurial  cells. 

General  Comments.  In  recent  years  an  ex- 
traneural  soft  tissue  tumor  composed  of  perineur- 
ial cells  has  been  recognized  ( 15).  Since  perineurial 
cells  are  notoriously  difficult  to  distinguish  from 
fibroblasts,  it  is  no  surprise  that  the  tumor  had 
formerly  been  classified  as  “storiform  perineurial 
fibroma”  (21).  With  the  application  of  electron  mi- 
croscopy and  immunochemistry,  the  perineurial  na- 
ture of  this  tumor  has  been  confirmed. 

Perineurial  cells  have  characteristic  ultra- 
structural  features  that  provide  a gold  standard 
for  diagnosis.  Indeed,  the  original  description  of 
the  tumor  was  based  on  such  features  ( 15).  Immu- 
nohistochemical  findings  are  less  specific.  Never- 
theless, a tumor  displaying  histologic  features 
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Figure  9-10 

SOFT  TISSUE  PERINEURIOMA 
The  fluorescence  in  situ  hybridization  (FISH)  prepara- 
tion of  isolated  nuclei  is  shown.  Of  the  seven  nuclei,  six  show 
only  one  signal  for  M-bcr,  a chromosome  22  marker,  thus 
indicating  monosomy. 


resembling  those  described  for  ultrastructurally 
confirmed  cases:  diffuse  immunoreactivity  for 
EMA,  varying  degrees  of  collagen  4 or  laminin 
staining,  and  absence  of  S- 100  protein  reactivity, 
is  diagnosed  as  perineurioma.  Using  these  cri- 
teria we  have  identified  19  well-documented  ex- 
amples of  this  tumor  (1,4,8,11,13,15,17,25-27). 
Using  fluorescence  in  situ  hybridization  (FISH) 
with  a probe  specific  for  the  M-bcr  locus  which 
maps  to  chromosome  band  22qll,  we  noted  a 
high  percentage  of  nuclei  with  at  least  partial 
deletion  of  chromosome  22  (fig.  9-10)  (8). 

Clinical  Features.  Soft  tissue  perineurio- 
mas  are  generally  found  in  subcutaneous  sites 
and  only  infrequently  affect  deep  soft  tissues  of 
the  extremities  or  trunk.  The  hands  are  also  a 
common  site  (2a, 7),  particularly  in  males.  An 
origin  in  skin  is  uncommon  (4b,  17,22a).  One  ex- 
ample, originally  considered  a meningioma  ( 14a), 
occurred  in  the  mandible.  Val-Bernal  et  al.  (26a) 
recently  reported  a well-circumscribed  soft  tissue 
perineurioma  located  at  the  junction  of  the  right 
renal  capsule  and  kidney  parenchyma  of  a 7-year- 
old  girl.  In  addition,  among  two  examples  we 
recently  studied,  one  involved  the  right  nasal  cav- 
ity and  maxillary  sinus  of  a 54-year-old  woman 
(figs.  9-11,  9-12)  (8).  Lastly,  one  intracranial  exam- 
ple arose  in  choroid  plexus  (7a).  More  tumors  occur 
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Figure  9-11 

SOFT  TISSUE  PERINEURIOMA 
This  globular,  gray-tan,  6-cm  tumor  (top)  arose  in  the 
maxillary  sinus  of  a 61-year-old  woman  and  is  seen  as  a 
demarcated  lesion  beneath  the  respiratory  mucosa  ( bottom ). 
For  clinical  details,  see  reference  8. 
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Figure  9-12 

SOFT  TISSUE  PERI  X E LRIOMA 
The  tumor,  portions  of  which  were  cellular  A . features 
vague  fesriculation  of  spindle  cells  wffh  Eig7-.eE  elongate  cell 
processes.  The  wavy.  wrinmeo  nuclei  Tam.-  from  narrow  B le 
plumper  than  those  of  most  schwannomas  C . 


in  women  than  in  men.  in  a ratio  of  4 to  1 . Although 
both  adolescents  and  the  elderly  may  be  selectee . 
most  patients  with  soft  tissue  perineuriomas  are 
middle  aged.  Xo  examples  have  been  reported  in 
association  with  neurofibromatosis  type  1 XF 1 . 

Gross  Findings.  At  s urgent  soft  tissue  peri- 
neuriomas  are  generally  unassociated  with  an 
identifiable  nerve  tigs.  9-11.  9-14  . One  exception 
is  an  example  occurring  in  association  with  a man- 
dibular nerve  14a  . Although  initially  considered 
a meningioma,  retrospective  study  confirmed  its 
rermeurial  nature.  Discrete  but  unencapsulated. 
r~  t re  nodular  or  ovoid,  range  in  size  from  1.5  to 
- rr.  mu  are  white-tan,  rubbery  to  firm,  or  gritty. 
- . utiomas  dr  not  exhibit  the  "bag  of  worms" 
appearance  so  characteristic  of  plexiform  neuro- 
fibroma One  very  large  example  showed  similar 
degenerative  changes  to  so-called  ancient 


schwannoma,  including  necrosis,  cyst  formation, 
collagenization.  and  histiocytic  infiltrates  1 . 
Osseous  metaplasia  is  rare  20  . 

Microscopic  Findings.  Histologically,  the  soft 
Tissue  petineurioma  is  a well-cir  cum  scribed  rumor 
encased  by  a thin  or  only  moderately  thick  fibrous 
capsule  and  unassociated  with  a nerve.  The  histo- 
logic pattern  is  variable,  ranging  from  alignment 
of  tumor  cells  in  elongate  bundles,  to  interweaving 
fascicles,  loose  whorls,  and  vague  stonform  ar- 
rangements figs.  9-12.  9-13  . A typical  "cracking" 
artifact  is  commonly  see  fig.  9-13C  . A distinctive 
fearure  of  the  collagenous  zones  of  some  rumors  is 
dissection  of  collagen  by  rumor  cells  with  resultant 
encirclement  of  collagen  bundles  and  nod'ules  figs . 
9-13.  9-19  . In  most  cases,  the  stroma  is  collagen 
rich.  Although  sclerosis  is  a dominant  fearure  in 
lesions  arising  in  the  hands  fig.  9-14  7 . we  have 
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Figure  9-13 

SOFT  TISSUE  PEMNEUSIOMA 

Pattem  variations  inelnde  sinnons  bandies  < A i.  whorls  B . a commonly  seen  crack:  ng artifact  C . and  dissection  of  collagen 
into  bandies  andnodUes  D . 
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Figure  9-14 

SCLEROSING  SOFT  TISSUE  PERINEURIOMA 
Left:  Advanced  sclerosis  is  often  seen  in  tumors  of  the  hand. 

Right:  Staining  for  EMA  confirms  the  diagnosis.  (Courtesy  of  Dr.  J.  Fetch,  Washington,  D.C.) 


seen  it  in  longstanding  perineuriomas  occurring 
at  other  sites  (8a).  Myxoid  changes  are  infrequent 
and  have  been  seen  in  only  three  tumors:  the 
intercellular  matrix  in  two  cases  was  slightly 
myxoid,  while  in  one  case  there  was  a loose  retic- 
ular arrangement  of  tumor  cells  due  to  the  pres- 
ence of  abundant  myxoid  material  (26). 

The  cells  of  soft  tissue  perineurioma  possess 
elongated  to  often  disc-shaped  nuclei  as  evident 
by  their  appearing  variously  thin  or  coin-shaped 
in  different  planes  of  section,  as  well  as  long,  very 
thin,  eosinophilic  processes.  Both  the  nuclei  and 
cell  processes  may  be  curved  or  wavy  in  configu- 
ration. In  most  cases,  the  overall  appearance  is 
that  of  a fibroma-like  lesion  with  curved  or  wrin- 
kled cells.  Although  mild  nuclear  hyperchroma- 
sia  may  be  noted,  pleomorphism  or  degenerative 
iiange  of  the  sort  seen  in  ancient  schwannoma 
and  atypical  neurofibroma  is  rarely  encountered 
(1);  we  have  seen  only  an  occasional  example, 
usually  a large  tumor  of  long  standing  (fig.  9-15) 


(8a).  Mitoses  are  absent  or  very  infrequent.  Blood 
vessels,  although  inconspicuous,  are  often  numer- 
ous. Psammoma  body  formation  is  very  uncom- 
mon (25).  Necrosis  is  lacking.  Special  stains  such 
as  silver  impregnations  for  axons  are  negative, 
as  are  myelin  stains. 

Immunohistochemical  Findings.  By  defini- 
tion, in  order  to  be  classified  as  a perineurioma,  a 
tumor  should  exhibit  membranous  immunoreac- 
tivity  for  EMA  (figs.  9-14-9-16).  Since  tumor  cell 
processes  are  often  thin  and  widely  separated, 
prolonged  incubation  or  a higher  antibody  titer  than 
is  used  to  label  carcinomas  may  be  required  to  obtain 
a positive  reaction.  Lack  of  S-100  protein  staining 
further  distinguishes  perineuriomas  from  Schwann 
cell  neoplasms.  Immunoreactivity  for  laminin  and 
collagen  type  4 is  also  seen  and  is  attributed  to  the 
presence  of  pericellular  basement  membrane,  al- 
beit incomplete  (see  below).  CD34  staining  is  evi- 
dent in  a minority  of  cases.  Pertinent  negative 
reactions  include  desmoplakin,  desmin,  and 
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Figure  9-15 

SOFT  TISSUE  PERINEURIOMA 

Degenerative  changes  analogous  to  those  of  schwannoma  and  neurofibroma  are  rarely  seen.  These  include  dystrophic 
calcification  (A),  and  dense  collagenization  as  well  as  nuclear  abnormalities  (B).  Note  EMA  immunoreactivity  (C).  (From  Hirose 
T,  Scheithauer  BW.  Sclerosing  perineurioma:  a distinct  entity?  Int  J Surg  Pathol  (in  press). 
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Figure  9-16 

SOFT  TISSUE  PERINEURIOMA 
Left:  Reactivity  for  EMA  is  requisite  to  the  diagnosis. 

Right:  Diffuse  laminin  immunostaining  is  attributed  to  the  presence  of  pericellular  basement  membranes. 


smooth  muscle  actin.  As  in  virtually  all  soft  tissue 
neoplasms,  vimentin  stains  uniformly. 

Ultrastructural  Findings.  Given  the  varia- 
tion in  the  sensitivity  of  EMA  immunoreactivity 
among  various  laboratories,  electron  microscopy 
continues  to  play  an  important  role  in  the  diagno- 
sis of  soft  tissue  perineurioma.  Such  tumors  are 
composed  of  normal-appearing  perineurial  cells 
that  are  usually  loosely  organized  in  a collagenous 
or  myxocollagenous  stroma  (fig.  9-16).  Seen  in 
cross  section,  stromal  collagen  fibrils  may  appear 
as  circular  aggregates  surrounded  by  perineurial 
cell  processes  (fig.  9-17).  Diagnostic  attributes  of 
neoplastic  perineurial  cells  include  an  elongate 
nucleus  with  variably  clumped,  marginated  chro- 
matin, an  inconspicuous  nucleolus,  long  thin 
cytoplasmic  processes,  cytoplasm  containing  few 
organelles  and  scant  filaments,  prominent  pinocy- 
totic  vesicles  distributed  along  the  cell  membrane 
and  occasionally  in  the  cytoplasm,  an  often  discon- 


tinuous basement  membrane  thinner  than  that 
lining  normal  perineurial  cells,  and  scattered 
rudimentary  intercellular  junctions  (figs.  9-16, 
9-18)  (4,6,8,13,15,19,24,25,27).  Dissection  and  en- 
circlement of  collagen  bundles  is  also  a common 
feature  (fig.  9-19).  Ribosome-lamella  complexes 
were  a prominent  feature  of  one  tumor  (4a). 

Differential  Diagnosis.  The  differential  di- 
agnosis of  extraneural  perineurioma  includes  a 
number  of  benign  and  low-grade  malignant  spin- 
dle cell  tumors  with  a collagenous  or  myxocollagen- 
ous stroma.  Immunohistochemistry  is  instru- 
mental in  excluding  most  lesions.  Neurofibroma 
(S-100  protein  positive),  extracranial  menin- 
gioma (S-100  protein  or  keratin  positive,  lacking 
basement  membranes  as  well  as  pinocytotic  ves- 
icles), dermatofibrosarcoma  protuberans  and  ex- 
trapleural solitary  fibrous  tumor,  which  are  not 
confined  to  the  pleura  (both  CD34  positive),  and 
myoepithelioma  (cytokeratin  and  actin  positive), 
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Figure  9-17 
SOFT  TISSUE 
PERINEURIOMA 
OF  THE 

MAXILLARY  SINUS 
The  spindle-shaped  tumor 
cells  closely  resemble  normal 
perineurial  cells  in  a collage- 
nous stroma.  Note  the  long  thin 
processes  (X10.600). 


Figure  9-18 
SOFT  TISSUE 
PERINEURIOMA:  DETAIL 
OF  PERINEURIAL 
CELL  PROCESSES 
Note  the  pinocytotic  vesi- 
cles (arrow),  remnants  of  base- 
ment membrane  (arrowhead), 
and  cross-sectioned  collagen  fi- 
brils (asterisk).  A portion  of  a 
nucleus  is  also  seen  (X48.300). 


when  occurring  in  such  myoepithelium-contain- 
ing organs  as  the  breast,  may  all  be  confused  with 
soft  tissue  perineurioma.  Also  in  the  differential 
are  circumscribed  soft  tissue  fibroma,  low-grade 
fibrosarcoma,  and  fibromyxoid  sarcoma  (8).  As 
mentioned,  the  definitive  ways  to  confirm  a diag- 
nosis of  perineurioma  are  electron  microscopy,  “the 


gold  standard,”  and  immunostaining  for  EMA 
and  collagen  4 or  laminin. 

Treatment  and  Prognosis.  The  best  treat- 
ment of  soft  tissue  perineurioma  is  complete 
excision.  The  prognosis  is  excellent.  To  date,  no 
cases  have  recurred  or  metastasized  following 
complete  resection.  Even  in  instances  in  which 
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Figure  9-19 
SOFT  TISSUE 
PERINEURIOMA 
Encirclement  of  collagen 
bundles  by  the  long  processes  of 
perineurial  cells  is  a common 
feature  of  this  tumor  (X7,500). 


total  excision  may  be  difficult,  as  in  the  nasal 
cavity-maxillary  sinus  example  referred  to 
above  (8),  we  advocate  careful  observation  rather 
than  aggressive  adjuvant  therapy. 

NERVE  SHEATH  MYXOMA 
AND  NEUROTHEKEOMA 

Definition.  Nerve  sheath  myxoma  is  a usually 
cutaneous,  multilobulated,  predominantly 
myxoid,  spindle  cell  neoplasm  exhibiting  Schwann 
cell  differentiation.  Neurothekeoma  is  a cutane- 
ous, multilobulated,  variably  myxoid  and  moder- 
ately to  hypercellular  neoplasm  composed  of  clus- 
tered, spindled,  and  epithelioid  cells  lacking  either 
Schwann  or  perineurial  cell  differentiation. 

In  the  literature,  nerve  sheath  myxoma  has 
also  been  referred  to  as  cutaneous  lobular  neu- 
romyxoma, perineurial  myxoma,  and  pacinian 
neurofibroma. 

General  Comments.  Nerve  sheath  myxoma 
was  originally  illustrated  by  Harkin  and  Reed  in 
their  1969  Fascicle  (39)  and  was  subsequently 
discussed  in  greater  detail  by  Reed  in  1985  (49). 
It  has  become  nosologically  linked  with  neuro- 
thekeoma, a cutaneous  neoplasm  described  by 
Gallagher  and  Helwig  in  1980  (37)  and  regarded 
by  them  as  being  of  nerve  sheath  origin.  The 


reasons  the  two  became  linked  were  their  com- 
mon location  in  the  skin;  their  nodular,  lobular, 
or  nested  growth  pattern;  an  entire  or  partial 
composition  of  spindle  cells;  and  variable  content 
of  stromal  mucin.  Furthermore,  both  lesions  oc- 
casionally show  features  suggesting  an  origin 
from  cutaneous  nerves.  The  conclusion  that  a 
link  existed  between  these  two  tumors  was 
flawed,  in  that  it  was  based  upon  only  two  large 
published  series  (37,49),  one  consisting  solely  or 
mainly  of  neurothekeomas  (37)  and  the  other  of 
a mix  of  both  tumors  (49).  Until  recently,  therefore, 
the  prevailing  view  was  that  nerve  sheath  myx- 
oma and  neurothekeoma  were  predominantly 
myxoid  and  cellular  variants  of  the  same  tumor. 
However,  recent  ultrastructural  and  immunohis- 
tochemical  studies  have  led  to  a contrary  interpre- 
tation (30).  Based  upon  the  finding  of  S- 100  protein 
immunoreactivity  (28,48,56)  as  well  as  of  ultra- 
structural  features  of  Schwann  cell  differentiation 
(28,29,34,48,54),  we  consider  the  nerve  sheath 
myxoma  to  be  a form  of  Schwann  cell  tumor.  To 
date,  no  similar  features  have  been  reported  in 
neurothekeomas  which,  as  a rule,  do  not  stain  for 
S-100  protein  (32,33,35,41)  and  exhibit  ultrastruc- 
tural features  resembling  either  those  of  fibro- 
blasts (32)  or  of  undifferentiated  polygonal  cells 
(29).  It  has  also  been  suggested  that  some  cellular 
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neurothekeomas  show  evidence  of  smooth  mus- 
cle differentiation  (35).  In  our  opinion,  immuno- 
histochemistry,  particularly  staining  for  S-100  pro- 
tein, and  electron  microscopy,  play  a role  in  the 
evaluation  of  that  minority  of  lesions  not  readily 
classified  by  routine  histochemical  methods. 

Clinical  Features.  The  nerve  sheath  myx- 
oma typically  occurs  in  adults  during  the  third 
through  the  fifth  decades  and  preferentially  af- 
fects females  at  a ratio  of  2 to  1.  Although  widely 
distributed,  its  site  of  predilection  is  the  skin  of 
the  hands  (28,34,40,54),  less  frequently  that  of 
the  back  (28,38),  arm  (36),  and  face  or  neck  (36, 
38).  Similar  lesions  have  also  occurred  in  the 
intraspinal  space  (48)  and  oral  mucosa  (44,47,51, 
53,55,56).  Typical  examples  present  as  mobile, 
flesh-colored  to  translucent  nodules  undergoing 
slow,  painless  growth.  No  association  with  neuro- 
fibromatosis has  been  reported. 

The  neurothekeoma  is  also  a cutaneous  tumor. 
It  occurs  primarily  in  children  and  young  adults,  the 
mean  patient  age  being  22  years  in  one  large  series 
(37).  The  cellular  variant  (see  below)  shows  no  sex 
predilection.  The  female  to  male  ratio  is  approxi- 
mately 2 to  1.  Most  neurothekeomas  involve  skin 
of  the  face,  arms,  and  shoulders.  Facial  lesions 
often  arise  in  the  nasomalar,  nasolabial,  and 
lower  forehead  regions.  The  thumb  and  lower 
extremities  are  uncommon,  albeit  reported  sites 
(37).  We  have  observed  two  examples  arising  in 
skin  and  subcutaneous  tissue  of  the  breast. 

Gross  Finding’s.  In  general,  the  clinical  ap- 
pearance of  neurothekeoma  is  indistinguishable 
from  that  of  nerve  sheath  myxoma.  Both  are  soli- 
tary, circumscribed,  firm,  sometimes  multilobular, 
and  variably  myxoid  lesions.  Both  tumors  range 
in  size  from  0.5  to  3.0  cm.  Aside  from  one  nerve 
sheath  myxoma  found  to  extend  into  the  neuro- 
vascular bundle  of  a digit  (34),  neither  tumor 
shows  a gross  association  with  nerve.  One  pur- 
ported example  appears  to  represent  a myxoid 
schwannoma  (45).  On  sectioning,  nerve  sheath 
myxomas  are  characteristically  gray-white, 
whereas  neurothekeomas  tend  to  be  gray-tan,  a 
difference  related  to  the  greater  content  of  mucin 
in  myxomas.  Ulceration  of  the  overlying  epider- 
mis is  rare  and  hyperpigmentation  is  lacking. 

Microscopic  Findings.  Typically,  both  nerve 
sheath  myxoma  and  neurothekeoma  are  multi- 
nodular tumors  with  a variably  myxoid  stroma. 
They  are  nonencapsulated,  infiltrate  collagen  bun- 


dles of  the  dermis,  and  extend  with  a pushing 
margin  into  subcutaneous  tissue  (figs.  9-20,  9-21). 
Round  to  ovoid  and  of  varying  size,  the  constituent 
lobules  are  demarcated  by  usually  thin  collagen 
bands  containing  delicate  blood  vessels  (figs.  9-20- 
9-23).  Lobule  configuration  is  most  variable  in 
neurothekeoma  (fig.  9-24).  Secondary  involve- 
ment of  a small  cutaneous  nerve  is  rarely  seen. 

The  lobules  of  nerve  sheath  myxoma  contain 
stellate,  spindle,  and  occasional  epithelioid  cells 
disposed  in  a loose  network  within  an  abundant 
myxoid  matrix  (figs.  9-20,  9-25).  Cellularity  may 
vary.  The  cells  often  possess  lightly  eosinophilic, 
thin  cytoplasmic  processes  that  extend  in  bipolar 
or  multipolar  fashion  from  small  round  or  ovoid 
nuclei  (fig.  9-25).  The  overall  appearance  is  that 
of  compartmentalized  bags  of  mucin  filled  with 
thin  “stringy”  cells.  Nuclei  contain  faintly  gran- 
ular chromatin  and  frequently  exhibit  several 
vacuoles.  The  cytoplasm  can  be  vacuolated  as 
well.  Occasional  multinucleate  giant  cells  may 
also  be  seen.  Mitotic  figures  are  rare  (fig.  9-25) 
(28,38,40).  Supporting  the  view  that  such  tumors 
are  possibly  myxoid  variants  of  schwannoma  is 
the  occasional  finding  of  an  example  with  focal 
Verocay  bodies.  Histochemically,  the  mucin 
within  this  tumor  is  strongly  Alcian  blue  reactive 
(fig.  9-20D)  and  consists  of  hyaluronic  acid  and 
perhaps  chondroitin  sulfates  4 and  6 (28,34). 

Unlike  nerve  sheath  myxoma,  neurothekeoma 
is  a moderately  to  markedly  cellular  lesion  with 
less  of  a myxoid  matrix  than  is  seen  in  nerve  sheath 
myxoma  (figs.  9-21,  9-22).  Constituent  cells  are 
both  spindle  and,  to  a varying  extent,  epithelioid 
in  shape  (fig.  9-23).  The  plump  epithelioid  cells 
possess  abundant  eosinophilic  cytoplasm.  Multi- 
nucleate cells  are  commonly  seen  (fig.  9-27).  At 
low  magnification,  cell  processes  are  inconspicu- 
ous. The  cells  of  neurothekeoma  often  are  closely 
aggregated  and  in  some  cases  form  whorls  (fig. 
9-23).  Myxoid  matrix,  when  present,  often  varies 
in  quantity  from  lobule  to  lobule  (37,49).  Only  on 
occasion  does  myxoid  change  focally  approach  that 
seen  in  nerve  sheath  myxoma  (fig.  9-24C).  The 
same  is  true  of  lobule  cellularity  (figs.  9-23,  9-27). 
Hyperchromatic  nuclei  are  frequent,  and  mitotic 
counts  as  high  as  10  per  10  high-power  fields  have 
been  reported  (fig.  9-27)  (49).  As  in  nerve  sheath 
myxoma,  the  Alcian  blue-positive  mucin  within 
neurothekeoma  is  hyaluronic  acid  rich  (fig.  9-22, 
right).  Necrosis  is  lacking  (fig.  9-22,  right). 


237 


Tumors  of  the  Peripheral  Nervous  System 


Figure  9-20 

NERVE  SHEATH  MYXOMA 

These  micrographs  of  two  different  tumors  show  compressive  demarcation  relative  to  surrounding  tissue  (Aland  varying  degrees 
of  interstitial  collagen  as  well  as  scant  hemosiderin  deposition  ( B I.  Note  their  distinct  lobularity,  septation,  and  high  mucin  content 
(C).  The  latter  is  highlighted  on  Alcian  blue  stain  (D). 
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Figure  9-21 
NEUROTHEKEOMA 

This  discrete  lesion  occupies  the  dermis,  exhibits  a narrow  grenz  zone  relative  to  overlying  epidermis  (left),  and  is 
demarcated  relative  to  underlying  subcutaneous  adipose  tissue  (right). 
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Figure  9-22 
NEUROTHEKEOMA 

Left:  The  formation  of  cellular  nests,  usually  round  to  ovoid  in  configuration,  is  a conspicuous  feature  of  neurothekeoma. 
Right:  Stromal  mucin,  here  seen  on  Alcian  blue  stain,  may  be  abundant  in  loose  textured  nodules. 
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Figure  9-23 
NEUROTHEKEOMA 

Cytologic  features  vary  from  spindle  cells  arranged  in  loose  to  compact  whorls  (A,B)  to  epithelioid  (C)  and  occasionally 
multinucleate  cells  (D). 
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Figure  9-24 
NEUROTHEKEOMA 

Nodule  configuration  is  often  variable.  Areticulin  preparation  (A)  shows  some  nodules  to  be  elongate.  Apparent  coalescence 
of  nodules  is  less  commonly  seen  (B).  Neurothekeomas  only  infrequently  exhibit  loose  textured,  mucoid  elements  resembling 
nerve  sheath  myxoma  (C). 
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Figure  9-25 

NERVE  SHEATH  MYXOMA 

Both  figures  show  variation  in  nuclear  appearance  and  cytoplasmic  volume.  Mitotic  activity  is  infrequent  (left)  and  is  of  no 
significance.  Note  the  abundance  of  often  bubbly  mucin  (right). 


Figure  9-26 

MYXOID  SCHWANNOMA 
MIMICKING  NERVE 
SHEATH  MYXOMA 
Although  uncommon,  occasional 
schwannomas  show  abundant  stromal 
mucin  accumulation.  This  example 
showed  not  only  a collagenous  capsule, 
a feature  alien  to  nerve  sheath  myxoma, 
but  the  presence  of  compact  islands  of 
Antoni  A tissue  typical  of  schwannoma. 
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Figure  9-27 
NEUROTHEKEOMA 

Crowded  nodules  of  cells  with  higher  nuclear-cytoplasmic  ratios  may  be  seen  in  otherwise  ordinary  tumors  (A),  but  marked 
atypia  (B)  is  uncommon.  Mitoses  are  seen,  but  are  only  rarely  frequent  or  abnormal  (C). 
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A hypercellular  variant  of  neurothekeoma 
termed  cellular  neurothekeoma,  which  possesses 
little  or  no  myxoid  stroma,  has  also  been  de- 
scribed (figs.  9-28,  9-29)  (32,33,50).  This  tumor 
features  fairly  discrete  lobules  and  fascicles  of 
primarily  epithelioid  cells  which,  unlike  those  of 
conventional  neurothekeoma,  show  a more 
clearly  infiltrative  pattern  of  growth.  Although 
occasional  examples  superficially  invade  muscle 
or  vessels,  complete  resection  appears  to  be  cu- 
rative (34a).  The  cells  of  cellular  neurothekeoma 
have  abundant  eosinophilic  or  pale-staining  cy- 
toplasm and  vesicular  nuclei  with  evenly  dis- 
persed chromatin.  Nuclear  pleomorphism, 
hyperchromasia,  and  a mitotic  index  as  high  as 
10  or  even  15  mitoses  per  10  high-power  fields 
( 33,34a ) may  be  observed.  Melanin  pigmentation 
has  not  been  reported. 

Immunohistochemical  Findings.  Nerve 
sheath  myxomas  usually  are  reactive  for  S-100 
protein  (fig.  9-30,  left)  (28,34,36,52),  whereas 
neurothekeomas  are  not  (30,31,33).  The  same  is 
true  of  basement  membrane  staining  for  colla- 
gen type  4 or  laminin  (fig.  9-30,  right).  The  deli- 
cate EMA-immunoreactive  layer  of  spindle  cells 
often  surrounding  some  lobules  of  nerve  sheath 
myxoma  appears  to  represent  residual  perineu- 
rium (52).  In  contrast,  neurothekeomas  lack 
EMA  staining  entirely  (43).  Vimentin  prepara- 
tions are  strongly  positive  in  both  nerve  sheath 
myxoma  and  neurothekeoma  (fig.  9-31).  In  addi- 
tion to  lack  of  S-100  protein  and  EMA  reactivity  in 
both  conventional  and  cellular  neurothekeomas, 
the  latter  are  also  negative  for  Leu  7,  protein  gene 
product  (PGP)  9.5,  myelin  basic  protein,  and 
desmin  (32, 33, 34a, 35, 42).  NK1/C3  staining  is 
characteristic  of  neurothekeomas  as  a whole  (fig. 
9-31,  right)  (34a);  nerve  sheath  myxomas  react 
more  sparingly  or  not  at  all.  Inexplicably,  one  study 
of  cellular  neurothekeomas  reported  focal  staining 
for  smooth  muscle  actin  in  a minority  of  cases  (35). 

Ultras  tructu nil  Findings.  Nerve  sheath  dif- 
ferentiation of  one  type  or  another  has  been 
reported  to  occur  in  light  microscopically  typical 
nerve  sheath  myxoma  (28,34,38,48,54,56).  Al- 
though the  findings  were  variously  interpreted 
as  evidence  of  Schwann  cell  or  perineurial  differ- 
entiation, a critical  review  of  published  illustra- 
tions and  reported  immunoreactivities  indicates 
that  the  constituent  cells  are  schwannian. 
Argenyi  et  al.  (29)  also  recently  reported  that 


Schwann  cells  surrounded  by  a continuous  base- 
ment membrane  is  the  main  constituent  of  clas- 
sic nerve  sheath  myxoma. 

In  contrast  to  nerve  sheath  myxoma,  schwan- 
nian or  perineurial  cell  differentiation  usually  is 
lacking  in  neurothekeoma  (29,30).  Ultrastruc- 
tural  studies  performed  by  us  upon  one  conven- 
tional and  one  cellular  neurothekeoma  (fig.  9-32) 
revealed  neoplastic  cells  with  well-developed, 
often  dilated  rough  endoplasmic  reticulum  and 
lack  of  basement  membranes,  features  indicative 
of  fibroblastic  differentiation.  The  same  features 
were  noted  in  a cellular  neurothekeoma  by 
Barnhill  et  al.  (32).  Yet  another  view  was  ex- 
pressed by  Argenyi  et  al.  (29),  who  in  a study  of 
11  neurothekeomas  found  an  undifferentiated 
polygonal  cell  to  predominate.  Interestingly,  the 
authors  also  found  evidence  suggesting  partial 
divergent  differentiation  to  Schwann,  smooth 
muscle,  fibroblastic,  and  myofibroblastic  cells. 

Differential  Diagnosis.  Several  processes, 
not  all  neoplastic,  enter  into  the  differential  diag- 
nosis of  nerve  sheath  myxoma  and  neurotheke- 
oma. These  include  focal  mucinosis,  myxoid 
schwannoma  and  neurofibroma,  and  low-grade 
myxofibrosarcoma  (low-grade  myxoid  malignant 
fibrous  histiocytoma).  With  regard  to  cellular 
neurothekeoma,  both  spindle  and  epithelioid  cell 
(Spitz)  nevus  and  desmoplastic  (neurotrophic) 
melanoma  enter  into  the  differential. 

A non-neoplastic  process  occasionally  associ- 
ated with  hyperthyroidism,  focal  mucinosis  lacks 
not  only  the  circumscription  and  lobulation  so 
typical  of  nerve  sheath  myxoma  and  neuro- 
thekeoma, but  their  cellularity  as  well  (53). 

Occasional  myxoid  schwannomas  mimic 
nerve  sheath  myxoma  in  showing  remarkable 
mucin  accumulation  (9-26).  Unlike  nerve  sheath 
myxoma,  myxoid  sch  wannomas  exhibit  a collag- 
enous capsule  and  often  islands  of  Antoni  A tissue. 
The  distinction  of  nerve  sheath  myxoma  from 
neurofibroma  of  the  diffuse  dermal  type  poses  no 
problem  in  that  nerve  sheath  myxomas  are  de- 
marcated proliferations.  At  the  light  microscopic 
level,  the  distinction  from  plexiform  neurofi- 
broma is  more  difficult;  however,  unlike  nerve 
sheath  myxoma,  clusters  of  stellate  and  epithelioid 
cells  as  well  as  a syncytial  arrangement  of  the  cells 
are  uncommon  and  there  are  at  least  small  num- 
bers of  neurofilament  protein-reactive  axons. 
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Figure  9-28 

CELLULAR  NEUROTHEKEOMA 

Such  tumors  feature  cellular  nodules  and  relatively  little  mucoid  matrix  (A,B).  Stromal  mucin  in  this  example  is 
concentrated  about  vessels  where  it  separates  lamellae  of  tumor  cells  (C). 
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Figure  9-29 

CELLULAR  NEUROTHEKEOMA 

This  even  more  cellular  example  shows  less  sharply  delineated  (left)  as  well  as  vague  nodules  (right),  all  lacking  mucin. 


Figure  9-30 

NERVE  SHEATH  MYXOMA 

Immunoreactivity  for  S-100  protein  (left)  and  collagen  4 (right)  further  supports  the  concept  that  these  lesions  are 
schwannian  in  nature.  Note  considerable  variation  in  S-100  protein  staining  (left). 
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Figure  9-31 

CELLULAR  NEUROTHEKEOMA 

Whether  conventional  or  cellular,  as  in  this  example,  the  cells  of  neurothekeoma  are  vimentin  immunoreactive  (left).  Staining 
for  NK1/C3  is  also  typical  (right).  Unlike  nerve  sheath  myxoma,  neurothekeomas  do  not  stain  for  S-100  protein  and  collagen  4. 


Figure  9-32 

CELLULAR  NEUROTHEKEOMA 
The  tumor  shows  fibroblastic  fea- 
tures including  prominent  rough  en- 
doplasmic reticulum  and  lack  of  base- 
ment membrane  (X16.700). 
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Although  low-grade  myxofibrosarcoma  may 
be  mistaken  for  nerve  sheath  myxoma,  the  for- 
mer occurs  in  older  patients,  is  generally  larger, 
and  often  involves  deeper  soft  tissues  of  the  thigh 
and  arm  (46).  In  addition,  myxofibrosarcoma 
generally  exhibits  a more  prominent  vascula- 
ture, a prominent  fibrous  component,  greater 
degrees  of  cellularity  and  nuclear  atypia,  and 
often  some  pleomorphism. 

The  distinction  of  cellular  neurothekeoma  from 
Spitz  nevus  rests  upon  the  usual  presence  in  the 
latter  of  a junctional  component,  melanin  pig- 
ment, and  individual  cell  infiltration  of  the  der- 
mis (33).  The  desmoplastic  melanoma  is  richer  in 
collagen  than  neurothekeoma  and  often  shows 
epidermal  lentiginous  melanocytic  hyperplasia, 
larger  nuclei,  and,  at  least  focally,  marked  hyper- 
chromasia  (33).  Mild  chronic  inflammation  is  also 
a common  feature  of  desmoplastic  melanoma.  The 
finding  of  melanosomes  at  the  ultrastructural 
level  distinguishes  both  these  melanocytic  le- 
sions from  nerve  sheath  myxoma  and  neurothe- 
keoma. Inasmuch  as  desmoplastic  melanoma 
often  is  nonreactive  for  HMB-45,  this  stain  will 
not  serve  as  a diagnostic  determinant. 

Treatment  and  Prognosis.  Both  nerve 
sheath  myxoma  and  neurothekeoma  are  benign 
neoplasms.  In  the  two  largest  series  of  these 
tumors,  those  of  Gallagher  and  Helwig  (37)  and 
Pulitzer  and  Reed  (49),  consisting  of  123  cases,  only 
3 recurrences  were  noted.  Not  a single  example  of 
either  tumor  has  been  reported  to  metastasize. 
Conservative,  complete  excision  is  curative.  Cellu- 
lar neurothekeomas  behave  in  a similar  benign 
fashion;  resection  is  curative  (33). 

BENIGN  GRANULAR  CELL  TUMOR 

Definition.  This  is  a tumor  composed  of  eo- 
sinophilic granular  cells  which  often  are  PAS 
positive,  immunoreactive  for  S-100  protein,  and 
ultrastructurally  contain  large  numbers  of  sec- 
ondary lysosomes.  Synonyms  include  granular 
cell  schwannoma,  granular  cell  neurofibroma, 
wad  granular  neurogenic  tumor. 

General  Comments.  Granular  cell  tumor 
(GCT)  is  an  uncommon  lesion  which  at  one  time 
was  considered  to  be  myogenic  in  nature,  hence  the 
now  antiquated  term  “granular  cell  myoblastoma” 
(58,59).  The  current  concept  that  it  is  a neural 
tumor  originated  with  Feyrter  (80-82),  and  was 


later  promoted  by  Fust  and  Custer  (87,88)  and 
Fisher  and  Wechsler  (84).  Several  lines  of  evi- 
dence support  the  neural  derivation  of  GCT, 
including  their  close  association  with  small  to 
medium-sized  nerves  (88).  These  include  cranial 
nerves,  either  within  the  cranium  (70,71,103,123) 
or  in  their  extracranial  course  (64,68),  as  well  as 
spinal  nerves  (65,79,99,141).  The  neurogenic  na- 
ture of  most  GCTs  is  also  suggested  by  their  im- 
munoreactivity  for  S-100  protein  (62,104,118,124, 
130,131,142),  Leu-7  (57,103),  and  the  distinctive 
proteins  of  peripheral  nerve  myelin  P0  and  P2 
( 114);  the  occurrence  of  GCTs  with  ultrastructural 
features  of  schwannian  differentiation  (57);  and 
the  rare  finding  of  granular  change  in  ordinary 
schwannoma  ( see  fig.  7-18D,E).  Immunoreactivity 
for  markers  of  muscle  differentiation  is  lacking. 
Numerous  electron  microscopic  studies,  including 
early  reports  (84,89),  also  support  the  concept  that 
most  GCTs  are  neural  in  nature  (see  below). 

Malignant  GCT,  some  which  are  histologically 
indistinguishable  from  benign  GCT,  are  dis- 
cussed in  chapter  11. 

Clinical  Features.  GCTs  affect  all  age  groups, 
but  their  incidence  peaks  in  the  fourth  through  the 
sixth  decades  (132).  Pediatric  examples  are  un- 
common and  must  not  be  confused  with  congenital 
gingival  granular  cell  tumor  or  “epulis,”  a histo- 
logically similar  lesion  presenting  in  neonates 
and  typically  arising  in  the  mucosa  of  the  alveolar 
ridge  (see  differential  diagnosis)  (135,137).  The 
majority  of  GCTs  occur  in  females  (104,122),  and 
in  at  least  three  large  series,  blacks  were  preferen- 
tially affected  (122,139).  Most  present  as  solitary 
masses,  but  up  to  10  percent  are  multiple  (95,102, 
113,124).  With  the  possible  exception  of  a single 
example,  no  association  exists  between  this  unusual 
tumor  and  neurofibromatosis  (102).  Only  rarely  is  a 
diagnosis  of  GCT  clinically  suspected  (98). 

GCTs  occur  at  numerous  anatomic  sites.  Most 
frequently  affected  are  the  skin  and  subcutaneous 
tissue  (fig.  9-33),  particularly  that  of  the  head, 
neck,  trunk,  and  extremities  ( 122 ).  The  single  most 
common  site,  however,  the  location  of  one  fourth  of 
all  lesions,  is  the  tongue  (fig.  9-34A)  (98,122),  es- 
pecially its  lateral  borders,  tip,  and  dorsum  (60, 
110).  Breast  lesions  represent  5 to  15  percent  of  all 
GCTs  (76,122);  the  lower  figure  corresponds  to 
involvement  of  breast  parenchyma  alone,  while 
the  higher  figure  includes  examples  affecting  over- 
lying  skin  and  subcutaneous  tissue  (132,135). 
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Figure  9-33 

GRANULAR  CELL  TUMOR 

Left:  The  squamous  mucosa  overhung  this  vulvar  lesion  is  markedly  hypertrophic,  lending  a cobblestone  appearance  (top).  On 
cut  section  the  pale,  white,  nonencapsulated  nodule  lies  within  submucosal  adipose  tissue  i bottom ). 

Right:  Microscopically,  the  squamous  mucosa  shows  marked  pseudoepitheliomatous  hyperplasia  fright  i.  (Courtesy  of  Dr. 
J.  Goellner,  Rochester,  Minnesota.) 


Viscera  are  only  infrequently  involved  by 
GCT.  In  the  respiratory  tract,  the  larynx  is  most 
often  affected;  in  Peterson’s  series  (122)  7 per- 
cent of  cases  occurred  in  this  location.  The  ma- 
jority of  laryngeal  GCTs  are  confined  to  the  pos- 
terior aspect  of  a true  vocal  cord.  Subglottic 
examples  are  rare  and  occur  primarily  in  chil- 
dren (67,74,90,135).  Interestingly,  the  frequency 
of  bronchial  lesions  is  about  half  that  of  laryn- 
geal tumors,  but  the  trachea  is  rarely  involved. 

Approximately  5 percent  of  GCTs  present  in  the 
gastrointestinal  tract  (122).  While  the  esophagus, 
large  bowel,  and  perianal  region  account  for  the 
majority  of  cases  (92,94),  examples  have  oc- 
curred at  all  levels,  including  stomach  and  small 
bowel.  Most  esophageal  tumors  arise  in  the  dis- 
tal portion,  while  tumors  involving  the  large 
bowel  are  distributed  throughout  its  length  (94). 
Although  most  gastrointestinal  tumors  are  soli- 
tary, and  involve  the  lamina  propria  or  submu- 
cosa (figs.  9-34B,C),  multiplicity  is  not  uncom- 
mon. The  greatest  number  of  multiple  GCTs 
reported  to  date  were  two  cases  of  26  and  52 


lesions  per  case;  in  both  instances  the  colon  was 
the  affected  site  (66,107).  GCTs  also  involve  the 
gallbladder  and  biliary  tract  (94). 

Gross  Findings.  GCTs  usually  present  as 
solitary,  nodular  lesions  seldom  measuring 
greater  than  3 cm  in  maximum  dimension.  Cir- 
cumscribed lesions  are  more  common  than 
poorly  demarcated  or  grossly  infiltrative  tumors 
(98,132).  When  present,  surface  irregularity  of 
skin  or  involvement  of  squamous  mucosa  by 
tumor  is  often  due  to  accompanying  pseudoepi- 
theliomatous hyperplasia  (fig.  9-33).  On  cross  sec- 
tion the  generally  firm  tumors  appear  gray-white 
to  yellow  (fig.  9-33,  left).  In  one  reported  example, 
as  well  as  a case  of  our  own  (fig.  9-35),  cutaneous 
plaques  or  multinodularity  was  a reflection  of  an 
unusual,  plexiform  pattern  of  growth  (99). 

Microscopic  Findings.  The  cells  of  GCT  are 
disposed  in  sheets,  nests,  lobules,  or  ribbons 
(figs.  9-36A.B,  9-37A,  9-38A)  accompanied  by 
variable  amounts  of  connective  tissue.  Occa- 
sional examples  are  extensively  collagenized 
(fig.  9-36B).  Limited  infiltration  of  surrounding 
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Figure  9-34 

GRANULAR  CELL  TUMOR 


Examples  arising  in  the  tongue  (A)  and  the  colon  (B,C)  show  the  tendency  of  GCT  to  involve  lamina  propria  and  submucosa. 


Figure  9-35 

GRANULAR  CELL  TUMOR 
Rare  dermal  examples  show  a plexiform  pattern  of  growth. 


adipose  tissue  may  be  seen  (fig.  9-36D).  Aggre- 
gates of  lymphoid  cells  are  found  at  the  periph- 
ery of  most  lesions  (fig.  9-36D).  GCTs  are  com- 
posed of  monotonous,  plump,  polyhedral  to 
elongate  cells  with  distinct  cell  borders.  Their 
abundant  eosinophilic  cytoplasm  is  granular  in 
appearance  due  to  the  high  content  of  lysosomes 
(figs.  9-34A,C,  9-37A).  Nuclei  are  small  and  reg- 
ular, somewhat  hyperchromatic,  and  generally 
contain  inconspicuous  nucleoli.  Occasional  tu- 
mors show  degenerative  nuclear  changes  (fig. 
9-37C).  In  addition  to  granularity,  a near  con- 
stant feature  of  GCT  is  the  presence  in  occa- 
sional cells  of  one  or  several  eosinophilic  cyto- 
plasmic globules,  some  encompassed  by  a halo 
(fig.  9-38A).  A typical  but  less  obvious  feature  is 
retractile  eosinophilic  lysosomes,  termed  “angu- 
late  bodies,”  seen  within  stromal  histiocytes  (fig. 
9-38C  )(78,125,126).  The  cytoplasmic  granules  of 
tumor  cells  are  moderately  PAS  positive  (figs. 
9-37B,  9-38B)  and  diastase  resistant.  The  same 
is  true  of  globules  and  angulate  bodies  (fig.  9- 
38B,D).  In  addition,  the  tumor  cells  stain  with 
Sudan  black  B and  are  magenta  in  trichrome 
preparations.  These  various  cellular  features  of 
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Figure  9-36 

GRANULAR  CELL  TUMOR 

Although  often  disposed  in  sheets  (A),  with  uniform,  polyhedral  cells  grouped  between  delicate  fibrovascular  septa  (A), 
multinodularity  is  common  (B).  Occasional  tumors  are  fibrotic  (C).  Local  infiltration  of  surrounding  or  adipose  tissue  is  often 
seen  (D,  S-100  protein  immunostain).  Note  focal  chronic  inflammation  in  the  tumor  periphery  (D). 


GCT  are  constant  and  are  readily  appreciated  in 
cytologic  preparations  (fig.  9-39)  (85,86,101, 
144).  Multinucleation,  nuclear  pleomorphism, 
readily  identifiable  nucleoli,  and  mitotic  figures 
are  uncommon  features.  The  pattern  of  reticulin 
staining  varies  considerably,  surrounding  either 
individual  or  clustered  granular  cells.  Cytoplas- 
mic striations  are  absent. 

Most  GCTs  are  superficial  and  involve  dermis 
and  subcutaneous  tissue,  although  some  involve 
deep  soft  tissues,  including  muscle.  As  pre- 
viously noted,  gastrointestinal  GCTs  affect  pri- 
marily the  lamina  propria  and  submucosa  (fig. 


9-34).  A notable  feature,  given  its  bearing  upon  the 
assumed  differentiation  of  GCTs,  is  the  not  uncom- 
mon involvement  of  small  nerves  in  or  around  the 
tumor  (fig.  9-40).  Larger  nerves  are  less  often 
affected  (fig.  9-41).  In  other  instances  the  neural 
derivation  of  GCT  is  suggested  simply  by  the  find- 
ing of  residual  axons  within  a tumor.  Also,  rare 
dermal  examples  exhibit  a decidedly  plexiform 
pattern  of  nerve  involvement  (fig.  9-34)  (99). 
Lastly,  the  pseudoepitheliomatous  hyperplasia 
of  squamous  epithelium  overlying  some  GCTs 
can  closely  mimic  well-differentiated  squamous 
cell  carcinoma. 


251 


Tumors  of  the  Peripheral  Nervous  System 


Figure  9-37 

GRANULAR  CELL  TUMOR 
Due  to  the  accumulation  of  often  large  lysosomes,  the 
cells  appear  coarsely  granular  (A),  a feature  highlighted  on 
PAS  stain  (B).  Note  the  variation  in  nuclear  features,  rang- 
ing from  more  open  chromatin  and  discernible  nucleoli  (A), 
to  rather  dense  chromatin  (B).  Degenerative  nuclear  atypia 
is  occasionally  seen  (C). 


Immunohistochemical  Findings.  A num- 
ber of  markers,  none  specific,  are  consistently  ex- 
hibited by  GCTs.  These  include  variable  degrees  of 
immunoreactivity  for  S-100  protein  (figs.  9-4 1C, 
9-42)  (62,77,104,109,112,116,120,130,142),  the 
macrophage  markers  alpha-  1-antichymotrypsin 
(120,129)  and  CD68  (fig.  9-420  ( 83,97),  neuron- 
specific  enolase  (83),  and  vimentin.  Leu-7  reactiv- 
ity is  present  in  about  one  third  of  GCTs  (104). 
Staining  has  also  been  reported  for  two  myelin-as- 
sociated proteins,  the  integral  myelin  protein  PO 
and  the  peripheral  myelin  protein  P2  ( 114).  Immu- 
noreactivity for  myelin  basic  protein  (MBP)  is  less 
consistently  observed  (69,73,104,121).  Whereas 
one  investigator  found  MBP  reactivity  in  13  of  21 
granular  cell  tumors  (104),  another  study  of  six 
cases  reported  none  ( 73 ).  A number  of  series  have 
reported  lack  of  both  neurofilament  protein  and 


glial  fibrillary  acidic  protein  (GFAP)  in  GCT  (69, 
109,114,118,138).  Stains  for  collagen  4 typically 
show  perilobular  staining  around  small  or  siz- 
able clusters  (fig.  9-42D).  Angulate  body-con- 
taining histiocytes  are  CD68  immunoreactive 
and  do  not  stain  for  S-100  protein  (126). 

Ultrastructural  Findings.  The  fine  struc- 
tural features  of  GCTs  are  highly  characteristic. 
The  light  microscopic  granularity  of  the  polygo- 
nal to  spindle-shaped  tumor  cells  is  due  to  the 
presence  of  large  numbers  of  pleomorphic  second- 
ary lysosomes  within  their  cytoplasm.  These  vary 
in  type  and  include  autophagosomes,  residual 
bodies,  multivesicular  bodies,  and  material  re- 
sembling ceroid  lipofuscin  (figs.  9-43,  9-44)  (57, 
61,65,69,71,75,84,109,111,113,124,125,143).  Ul- 
trastructurally,  these  lysosomes  consist  of  mem- 
brane-bound aggregates  of  microgranules  and 
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Figure  9-38 

GRANULAR  CELL  TUMOR 

Two  cytologic  features  characteristic  of  GCT  include  the  formation  of  globules  corresponding  to  giant  lysosomes  (A,  center) 
and  the  presence  of  angulate  bodies  (C).  Both  are  accentuated  on  PAS  stain  ( B and  D). 
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Figure  9-39 

GRANULAR  CELL  TUMOR:  CYTOLOGY 
On  smear  preparations  the  cells  appear  epithelioid,  often 
angular  in  configuration,  and  possess  dense  granular  cytoplasm. 


irregularly  shaped,  variably  electron-dense 
masses  containing  assorted  inclusions,  among 
them  remnants  of  organelles  and  concentric  lamel- 
lae (figs.  9-43,  9-44).  The  latter  have  been  likened 
to  myelin  debris.  Stromal  fibrohistiocytic  cells  in- 
timately associated  with  the  granular  tumor  cells 
frequently  contain  numerous  membrane-bound 
structures  featuring  parallel  arrays  of  “microtu- 
bules” and  scattered  dense  lipid  bodies  variously 
termed  angulate  bodies  (126),  angulate  lyso- 
somes  (78),  or  Gaucher-like  bodies  (fig.  9-45)  (91). 
These  unusual  secondary  lysosomes  are  only 
rarely  found  within  the  cytoplasm  of  the  granular 
tumor  cells.  The  peripheral  nerve  origin  of  most 
GCTs  is  supported  by  varying  degrees  of  granular 
transformation  of  recognizable  Schwann  cells,  a 
distinct  basement  membrane  often  surrounding 
granular  cell  clusters  (fig.  9-44),  the  occasional 
presence  of  long-spacing  collagen,  and  the  pres- 
ence among  tumor  cells  of  arrays  of  neuritic  pro- 
cesses (57,65,71,75,84,124,127,128,140). 


As  will  be  further  discussed  below,  ultrastruc- 
tural  studies  also  are  useful  for  excluding  mimics 
of  GCT,  such  as  granular  cell  leiomyoma  (57,72), 
leiomyosarcoma  (133),  angiosarcoma  (105), 
ameloblastoma  (119,134),  and  glioblastoma  (96). 

Differential  Diagnosis.  With  the  exception 
of  examples  involving  breast  parenchyma,  GCTs 
seldom  present  a diagnostic  problem.  Due  to 
their  induration  and  infiltrative  margins,  GCTs 
of  the  breast  are  notoriously  difficult  to  distin- 
guish from  mammary  carcinoma.  This  is  true 
both  grossly  and  microscopically,  particularly  at 
frozen  section  (63,93,115,136).  The  distinction 
from  carcinoma  is  most  easily  achieved  by  im- 
munohistochemistry;  unlike  carcinoma,  GCTs 
are  KP-1  (CD68)  positive  (97)  and  lack  keratin 
and  epithelial  membrane  antigen  staining.  Since 
carcinomas  may  be  S-100  protein  reactive,  this 
determinant  cannot  be  relied  upon. 

Although  granular  cells  may  occasionally  be 
encountered  in  schwannoma  and  neurofibroma, 
the  differing  basic  nature  of  these  tumors  is  readily 
apparent.  For  example,  we  have  not  encountered 
a schwannoma  with  widespread  granular  change, 
despite  their  frequent  expression  of  CD68  immu- 
noreactivity  (see  fig.  7-25D)  (97).  The  three  tumors 
bearing  the  closest  histologic  resemblance  to  GCT 
are  congenital  GCT  or  “epulis”  (135,137),  granular 
cell  leiomyoma,  and  malignant  GCT  (57,72).  Al- 
though congenital  GCT  or  epulis  shares  many 
histologic  similarities  with  benign  GCT,  important 
differences  exist.  The  former  arises  exclusively  on 
the  alveolar  ridge  of  newborns  and  histologically 
demonstrates  a plexiform  capillary  pattern,  not 
present  in  GCT.  Unlike  GCT,  the  cells  of  congenital 
gingival  tumors  lack  globular  cytoplasmic  inclu- 
sions, S-100  protein  ( 100,135,137 ) and  neuron-spe- 
cific enolase  immunoreactivity  (83),  and  an  asso- 
ciation with  angulate  body-containing 
histiocytes  and  pseudoepithelial  hyperplasia. 
Furthermore,  congenital  GCT  of  the  gingiva  does 
not  recur.  Even  if  incompletely  excised,  the  major- 
ity undergo  spontaneous  regression.  Gingival  GCT 
has  no  malignant  counterpart  (137).  The  distinc- 
tion of  GOT  from  granular  cell  leiomyoma  may 
require  either  immunohistochemical  staining  for 
muscle  markers  such  as  HHF-35  and  smooth  mus- 
cle actin,  or  recourse  to  electron  microscopy 
(57,72).  Interestingly,  granular  cell  change  in 
smooth  muscle  tumors  may  be  associated  with 
immunoreactivity  for  neuron-specific  enolase 
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Figure  9-40 

GRANULAR  CELL  TUMOR 

Careful  sampling  sometimes  shows  GCTs  to  be  associated  with  minute  nerves  (A),  a feature  highlighted  by  neurofilament 
protein  immunostaining(B;  same  case  as  fig.  9-35).  Although  perineural  growth  is  the  rule,  in  some  cases  granular  cells  actually 
lie  within  the  nerve  (C,  S-100  protein  immunostain).  On  occasion,  perineural  involvement  is  conspicuous  (D). 
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Figure  9-41 

GRANULAR  CELL  TUMOR 

Ihis  lesion  arose  in  a grossly  recognizable  nerve.  At  low  power  (A),  the  contours  of  the  affected  nerve  are  still  apparent 
(left).  In  addition  to  a solid  growth  phase  (A,  right),  permeation  of  the  nerve  is  readily  seen  at  higher  power  (B).  The  granular 
cells  are  most  apparent  on  S-100  protein  immunostain  (C).  The  latter  permits  comparison  of  the  neoplastic  cells  to  aligned 
Schwann  cells  of  the  underlying  nerve. 
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Figure  9-42 

GRANULAR  CELL  TUMOR 

Immunoreactivity  for  S-100  protein  varies  considerably  from  one  tumor  to  the  next  (A, B).  Staining  for  CD68  is  also  a typical 
feature  of  GCT  (C);  note  stronger  staining  of  the  small  stromal  histiocytes  than  of  tumor  cells.  Collagen  4 staining  highlights 
basement  membranes  around  cell  clusters  of  varying  size  (D). 
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Figure  9-43 

GRANULAR  CELL  TUMOR 

Portions  of  clusters  of  Schwann  cells  contain  numerous  pleomorphic  secondary  lysosomes.  Note  the  basement  membrane 
(arrow)  separating  cell  clusters  (X10,100). 


Figure  9-44 

GRANULAR  CELL  TUMOR 

Detail  of  the  cytoplasm  of  a granular  cell.  Numerous  pleomorphic  secondary  lysosomes  are  illustrated,  as  described  in  the 

text  (X26,000). 
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Figure  9-45 

GRANULAR  CELL  TUMOR 
Membrane  limited  angulate 
bodies  (angulate  lysosomes) 
containing  numerous  aligned 
microtubules  are  a common  fea- 
ture of  the  histiocytes  associ- 
ated with  GCTs  (X20.000). 


and  NKI/C3,  a melanoma-associated  antigen 
(108).  Most  clinically  malignant  GCTs  are  histo- 
logically indistinguishable  from  benign  GCT.  The 
remainder  show  cellular  pleomorphism,  marked 
hyperchromasia,  mitotic  activity,  and  focal  necro- 
sis, features  lacking  in  benign  examples.  Unlike 
rhabdomyoma,  GCTs  lack  cytoplasmic  cross  stria- 
tions  as  well  as  immunohistochemical  and  ultra- 
structural  features  of  myogenic  differentiation. 
Unlike  hibernomas,  the  cells  of  GCTs  do  not  have 
vacuolated  cytoplasm.  Finally,  intracerebral  astro- 
cytic tumors  with  granular  cell  features  can  be 
distinguished  from  benign  GCT  by  the  lack  of 
GFAP  staining  in  the  latter  ( 106,117,118). 

Treatment  and  Prognosis.  The  recom- 
mended treatment  of  benign  GCT  is  local  excision, 
preferably  with  negative  margins.  The  recurrence 
rate  is  estimated  at  2 to  8 percent  when  margins 
of  resection  are  deemed  free  of  involvement,  and 
21  to  50  percent  after  incomplete  excision  (60). 

GANGLIONEUROMA 

Definition.  This  benign  neoplasm  is  composed 
of  mature  autonomic  ganglion  cells,  satellite  cells, 
and  an  abundance  of  unmyelinated  as  well  as 
occasional  myelinated  axons  with  their  accompa- 
nying Schwann  cells,  all  in  a fibrous  stroma. 

General  Comments.  Although  originally  de- 
scribed by  Loritz  in  1870  ( 169),  it  was  Stout  ( 188) 


who  first  summarized  the  clinicopathologic  fea- 
tures of  ganglioneuromatous  tumors.  In  doing  so, 
he  found  that  a minority  of  cases  were  composite 
tumors  containing  either  a diffuse  admixture  or 
localized  collections  of  neuroblastoma  cells;  such 
lesions  metastasized  at  rates  of  18  and  65  percent, 
respectively.  In  contrast,  tumors  lacking  neuro- 
blastoma cells  did  not  metastasize.  Such  “fully 
differentiated”  examples  he  referred  to  as  ganglio- 
neuromas. Although  they  had  a benign  clinical 
outcome,  a postoperative  mortality  rate  of  10  per- 
cent was  noted  in  instances  in  which  resection  was 
aggressive.  As  a result,  Stout  emphasized  the  need 
to  distinguish  histologically  between  pure  ganglio- 
neuroma and  similar  tumors  which  in  addition 
contained  less  differentiated  components. 

The  origin  of  ganglioneuroma,  particularly  its 
relationship  to  neuroblastic  neoplasms,  remains 
unsettled.  There  is  little  doubt  that  the  ganglion 
cells  present  in  all  ganglioneuromas  at  one  time 
had  their  origin  in  neuroblasts.  However, 
whether  most  ganglioneuromas  are  distinct 
from  neuroblastoma  in  having  uniformly  ma- 
tured at  a pace  approximating  that  of  normal 
development  is  unclear.  Maturation  to  ganglio- 
neuroma by  neuroblastoma  or  ganglioneuro- 
blastoma  is  also  known  to  occur,  both  at  primary 
sites,  either  spontaneously  or  after  therapy,  and 
in  metastases  (153,155,156,160,170,186).  The 
occurrence  of  such  maturation  suggests  that  a 
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proportion  of  ganglioneuromas  may  represent 
fully  differentiated  neuroblastomas,  despite  dif- 
ferences in  patient  age  and  tumor  distribution 
(see  below). 

Ganglioneuromas  may  occur  in  association  with 
or  transition  from  other  neuroectodermal  tumors. 
Examples  of  the  former  include  concurrent  gan- 
glioneuroma and  schwannoma  of  the  vagus  nerve 
(162),  and  the  association  of  an  adrenal  ganglio- 
neuroma in  neurofibromatosis  type  1 ( NF 1 ) ( 16 1 ). 
Examples  of  the  latter  are  referred  to  as  “compos- 
ite tumors”  and  include  ganglioneuroma  arising 
from  pheochromocytoma  (175),  to  be  discussed 
below,  and  the  occurrence  of  ganglioneuromatous 
components  in  extra-adrenal  paragangliomas, 
such  as  of  the  cauda  equina  region  (183,187)  and 
duodenum  (182). 

Ganglioneuroma  is  a tumor  of  older  children 
and  young  adults.  At  presentation  the  majority  of 
patients  are  between  10  and  20  years  of  age.  The 
lesion  also  shows  a distinct  female  predilection. 
Most  patients  come  to  attention  due  to  the 
tumor’s  mass  effect  or  its  incidental  finding  at 
physical  examination  or  imaging  studies.  Occa- 
sional examples  are  first  noted  at  autopsy. 

Ganglioneuromas  rarely  occur  in  animals,  but 
have  been  reported  to  arise  in  association  with 
C cell  hyperplasia  in  the  rat  thyroid  (152). 

Clinical  Features.  Ganglioneuromas  most 
commonly  arise  at  sites  in  which  sympathetic 
ganglia  are  found,  specifically  the  mediastinum, 
retroperitoneum,  and  pelvis.  They  represent  5 
percent  of  all  tumors  of  the  mediastinum,  a site 
at  which  most  are  paraspinal.  Also  frequently 
affected  are  retroperitoneal  sympathetic  ganglia 
and  the  adrenal  medulla.  Most  pelvic  examples 
are  presacral  or  coccygeal.  Less  common  are 
skull  base,  parapharyngeal  region,  and  cranial 
nerve  ganglia  lesions  (162).  Aware  of  examples 
involving  such  odd  sites  as  the  uterus,  ovary,  kid- 
ney, breast,  and  vulva,  Stout  ( 188)  anticipated  the 
finding  of  ganglioneuromas  at  further  unusual 
sites.  Their  reported  occurrence  in  viscera  (see 
below),  choroid  of  the  eye  (191),  posterior  cranial 
fossa  (165),  spinal  intradural  space  (168),  and 
mandible  ( 194)  have  proven  him  right.  Although 
vuglioneuromatous  tumors  occur  in  skin  (159), 
the  architecture  of  some  (167,179)  differs  signif- 
icantly from  that  of  classic  ganglioneuroma. 

Although  most  ganglioneuromas  arise  in  sym- 
pathetic ganglia,  a minority  originate  in  viscera. 


Whether  they  represent  parasympathetic  coun- 
terparts to  the  ganglioneuromas  noted  above 
remains  to  be  determined,  but  it  is  convenient  to 
view  them  as  such. 

Visceral  involvement  by  ganglioneuromatous 
proliferations  as  a whole  is  broadly  divided  into 
diffuse  and  localized  varieties.  Diffuse  examples, 
such  as  occur  in  the  alimentary  tract  in  the  setting 
of  multiple  endocrine  neoplasia  type  lib  (MEN 
lib),  are  discussed  in  chapter  5.  Localized  vis- 
ceral ganglioneuromas  unassociated  with  a her- 
itable syndrome  are  rare.  Unlike  neurofibromas 
occurring  in  the  setting  of  NF1,  most  of  which 
arise  in  stomach  and  small  bowel,  localized  vis- 
ceral ganglioneuromas  affect  primarily  the  colon 
and  rectum  ( 148).  Appendiceal  lesions  have  also 
been  reported  (195)  as  have  localized  ganglio- 
neuromas of  lung  (171),  urinary  bladder  (192), 
and  prostate  (178);  the  latter  tumor  occurred  in 
a patient  with  NF1.  Visceral  ganglioneuromas 
are  generally  smaller  than  their  soft  tissue  coun- 
terparts and  lack  a neuroblastoma  association. 

A minority  of  ganglioneuromas  are  endo- 
crinologically  functional:  best  known  is  their  as- 
sociation with  the  “watery  diarrhea  syndrome” 
(Verner-Morrison  syndrome),  a condition  medi- 
ated by  tumoral  production  of  vasoactive  intesti- 
nal polypeptide  (VIP).  This  hormone  may  be  elab- 
orated by  differentiating  and  mature  ganglion  cells 
in  ganglioneuroma  and  ganglioneuroblastoma,  as 
well  as  in  composite  ganglioneuroma-pheochromo- 
cytoma  (173,190).  Not  surprisingly,  such  compos- 
ite tumors  may  also  be  associated  with  hyperten- 
sion (175).  Virilization  is  rarely  observed  (145). 
One  ganglioneuroma  was  reportedly  associated 
with  myasthenia  gravis  (177).  Elevation  of  uri- 
nary catecholamine  metabolites,  including 
vanylmandelic  acid  and  homovanillic  acid,  may 
be  seen  in  association  with  pure  ganglio- 
neuromas. Levels  appear  to  be  related  to  tumor 
size  (169a).  Significant  elevations  (more  than 
three  times  normal)  should  prompt  a careful 
search  for  a neuroblastoma  component. 

Although  uncommon,  the  association  of 
ganglioneuroma  with  NF1  is  well  established.  In 
addition,  ganglioneuromas  are  occasionally  fa- 
milial but  unassociated  with  a specific  syndrome 
(180).  Whether  heritable  or  sporadic  in  occur- 
rence, ganglioneuromas  are  far  less  common 
than  are  schwannoma  and  neurofibroma. 
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Figure  9-46 
GANGLIONEUROMA 
Grossly  (top)  most  ganglioneuromas 
are  ovoid  in  shape,  but  unlike  schwan- 
nomas are  often  flattened  rather  than  glo- 
boid. A thick  pancake  shape  is  common. 
Occasional  examples  are  multilobate. 
Microsections  show  them  to  be  enveloped 
by  a thin  fibrous  pseudocapsule  (bottom). 


Radiographic  Findings.  Radiographically, 
ganglioneuromas  appear  as  solitary,  smooth- 
contoured  masses.  Paraspinous  tumors  are  often 
associated  with  expansion  of  a spinal  foramen  and 
occasionally  with  intraspinal  extension.  On  com- 
puterized tomography  (CT)  ganglioneuromas  are 
sharply  defined  masses  that  show  soft  tissue 
attenuation.  Delicate  or  amorphous  calcification 
is  occasionally  seen,  but  is  far  less  frequent  than 
in  neuroblastoma.  Contrast  enhancement  is 
most  pronounced  on  magnetic  resonance  imag- 
ing (MRD  scans  which  also  show  cyst  formation 
the  best.  On  ultrasound,  ganglioneuromas  are 
hypoechoic  and  hypovascular. 

Gross  Findings.  Ganglioneuromas  are  large, 
circumscribed,  smooth-contoured  masses  of  varied 
ovoid  shapes  (figs.  9-46-9-49).  Most  are  smaller 
than  15  cm,  but  rare  tumors  attain  a size  of  50  cm 
and  weigh  up  to  6 kg.  Although  they  appear  grossly 
encapsulated,  ganglioneuromas  often  possess  only 


a thin  pseudocapsule  (fig.  9-46).  Focally,  some 
tumors  exhibit  a direct,  irregular  interface  with 
adjacent  soft  tissue  (fig.  9-49,  right).  In  such 
instances,  adherence  to  surrounding  tissue  may 
complicate  resection.  The  same  is  true  of  tumors 
with  an  irregular  contour  that  encompasses  vital 
anatomic  structures  (fig.  9-49).  In  all  but  their 
shape,  which  is  globular  to  lobulate  rather  than 
fusiform,  ganglioneuromas  grossly  resemble  neu- 
rofibroma. Nearly  all  ganglioneuromas  are  soli- 
tary; only  rare  examples  have  been  multiple,  as  in 
one  instance  in  which  several  tumors  involved  an 
entire  segment  of  the  sympathetic  chain  ( 185).  The 
majority  are  solid,  but  cyst  formation  may  be  seen 
(fig.  9-48).  Only  a minority  of  ganglioneuromas 
show  gross  calcification.  On  cut  surface  most  are 
firm,  homogeneous  or  patchy  light  tan,  and  often 
somewhat  translucent  (figs.  9-46,  9-47). 

Ganglioneuromatous  maturation  is  known  to 
occur  in  pheochromocytoma.  On  occasion  the  two 
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Figure  9-47 
GANGLIONEUROMA 

The  cut  surfaces  of  these  posterior  mediastinal  examples  vary  from  soft,  pale,  translucent,  and  mucin-rich  ( left)  to  firm  and  somewhat 
fibrous  (right).  The  range  closely  resembles  that  exhibited  by  neurofibroma,  and  is  a reflection  of  the  uniform  cellularity  of  the  lesion. 


Figure  9-48 
GANGLIONEUROMA 
A minority  of  tumors,  such  as  this 
intercostal  example,  are  macrocystic. 


elements  are  grossly  evident,  the  tan  ganglio- 
neuroma component  being  distinct  from  the  red- 
brown  pheoch romocytom a (figs.  9-50A,B).  The  two 
components  may  also  be  dramatically  highlighted 
J fixation  in  Zenker’s  solution  which  shows  the 
pheochromocytoma  to  be  strongly  chromaffin 
positive  (dark  brown).  Microsections  usually 
show  the  two  tumor  elements  to  be  spatially 


distinct  ( fig.  9-50C ).  With  the  exception  of  a single 
example  occurring  in  the  region  of  the  organs  of 
Zuckerkandl  (193),  composite  tumors  reported  to 
date  have  all  arisen  in  the  adrenal  gland.  In  one 
instance,  the  process  was  bilateral  (151). 

Microscopic  Findings.  The  essential  fea- 
tures of  ganglioneuroma  include  ganglion  cells, 
their  long  axonal  processes  with  accompanying 
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Figure  9-49 
GANGLIONEUROMA 

Above:  Irregular  in  contour,  with  peripheral  lobulation, 
this  posterior  mediastinal  lesion  was  adherent  to  surround- 
ing structures. 

Right:  Occasional  tumors  lack  complete  encapsulation 
and  focally  infiltrate  surrounding  soft  tissue. 


Ne  a \ 


‘ \,  . V . • > r, 

‘ V . , ■ . - ' < :• 

t > -V. * • i . . . . / , 

■ < v,  1 >:  c?  i 

/ ' : 

A-.-;-  _ 

. , ' 


m v 

'T..1  A..  i , 

'.  . ■ -i, 

' i,  ' ' ' 

■ ) : 


'Nr  •*  - . 

> V>  • ,N.<  Kips' 

-■*  v-v  h»-  ■ 


- 4 Ai 

v;.  . . yr  t * ' J 

■-v  ' / cyo 


Schwann  sheaths,  and  satellite  cells  which  en- 
compass the  ganglion  cells  (fig.  9-51).  By  thorough 
sampling,  the  presence  of  neuroblasts  and  a diag- 
nosis of  ganglioneuroblastoma  must  be  excluded. 
Ganglion  cells  within  ganglioneuromas  may  be 
either  localized  ( fig.  9-5  IB ) or  widely  scattered  ( fig. 
9-5 1C).  As  a result,  individual  histologic  sections 
may  lack  ganglion  cells  almost  entirely,  and  consist 
only  of  fields  of  neuritic  processes  with  enshea- 
thing  Schwann  cells  (fig.  9-52C).  Indeed,  the  shear 
number  of  neuritic  processes  in  ganglioneuromas 
often  appears  out  of  all  proportion  to  the  number 
of  parent  ganglion  cells.  Compactly  arrayed  or 
loose  textured,  the  processes  typically  form 
aligned,  entangled  bundles  (fig.  9-52A,B).  The  mi- 
croscopic appearance  of  the  bundles  varies  with 
their  orientation  (fig.  9-53).  Despite  considerable 
morphologic  variation  (fig.  9-54),  ganglion  cells 
are  well  differentiated  and  readily  recognized  by: 
1)  their  size  which,  due  to  varying  amounts  of 
often  abundant  eosinophilic  to  amphophilic  cyto- 
plasm, is  generally  greater  than  20  pm;  2)  the 


presence  of  single  or  multiple  vesicular  nuclei 
which  are  often  eccentrically  placed  and  feature 
prominent  single  nucleoli;  and  3)  the  finding  of 
Nissl  substance,  which  varies  from  scant  to  rela- 
tively abundant  (fig.  9-55A).  Cytologic  abnormali- 
ties include  pleomorphism,  multinucleation,  vac- 
uolation,  and  the  presence  of  large,  often  pale, 
spherical  cytoplasmic  inclusions  (fig.  9-54C,D), 
some  resembling  Lewy  bodies.  Secretory  granules 
may  be  evident  on  argyrophil  (Grimelius)  stain, 
but  this  is  not  a uniform  feature  (fig.  9-55B).  Sur- 
rounding the  ganglion  cells  are  varying  numbers 
of  satellite  cells,  modified  Schwann  cells  with  often 
flattened  nuclei.  As  a rule,  their  number  and  uni- 
formity of  distribution  falls  short  of  that  seen  in 
normal  ganglia.  As  previously  noted,  axons  are 
abundant.  Although  silver  stains,  such  as  Bod- 
ian  or  Bielschowsky  preparations,  stain  the 
axons,  their  small  diameter  makes  them  difficult 
to  see  (fig.  9-55C).  Binding  of  peanut  agglutinin, 
a marker  of  advanced  neuronal  differentiation, 
also  labels  ganglion  cells  and  their  processes 
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Figure  9-50 

GANGLIONEUROMATOUS 
MATURATION  OF 
PHEOCHROMOCYTOMA 
(COMPOSITE 

PHEOCHROMOCYTOMA— 

GANGLIONEUROMA) 

The  process  may  be  grossly  evi- 
dent and  varies  in  extent.  Firm  and 
cream  colored,  such  foci  may  be  lim- 
ited, as  beneath  the  capsule  (A),  or 
may  comprise  the  majority  of  the 
tumor  (B).  Microscopically,  the  two 
components  are  typically  distinct 
(C).  (A  and  B,  courtesy  of  Dr.  J.  A. 
Carney,  Rochester,  MN.) 
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(163).  Although  Schwann  cell  cytoplasm  sur- 
rounds axons,  myelination  is  usually  limited  to 
entrapped  normal  nerve  fibers  (fig.  9-56).  For 
this  reason,  myelin  stains,  such  as  the  Luxol-fast 
blue,  are  generally  negative  (fig.  9-55D).  If  pres- 
ent, residual  normal  sympathetic  ganglion  tis- 
sue is  recognized  by  its  characteristic  anatomic 
distribution  of  ganglion  cells  and  by  the  travers- 
ing, aligned  nerve  fiber  bundles  (see  fig.  2-17). 

Ganglioneuromas  often  undergo  degenerative 
changes.  For  instance,  ganglion  cells  come  to 
contain  brown  cytoplasmic  pigment  (fig.  9-57A), 
consisting  not  of  true  melanin  but  of  pigmented 
lysosomes  or  “neuromelanin”  ( 158).  Both  argyro- 
phil  and  argentaffin  positive,  it  differs  from 
sipofuscin  in  that  it  lacks  PAS  and  acid-fast  re- 
activity, and  does  not  autofluoresce  (176).  Stro- 
mal degenerative  changes  are  also  common,  par- 
ticularly in  large  tumors.  These  include  mainly 


fibrosis  or  some  degree  of  mucin  accumulation 
as  occurs  in  neurofibroma  (fig.  9-57B).  As  a re- 
sult, Alcian  blue  positivity  may  be  evident  and 
trichrome  stains  may  show  impressive  collagen 
deposition.  The  presence  of  adipose  tissue  in 
occasional  ganglioneuromas  usually  takes  the 
form  of  ill-defined  lobules  at  the  periphery  of  a 
tumor  (fig.  9-49,  right).  Vascular  hyalinization 
may  be  the  basis  of  focal  hemorrhage  and  of 
resultant  cystic  change.  When  present,  lympho- 
cytic infiltrates  are  usually  centered  upon  ves- 
sels (fig.  9-57C);  they  should  not  be  mistaken  for 
neuroblasts.  The  distinction  is  readily  made  on 
leukocyte  common  antigen  (LCA)  immunostain. 
Mast  cells  may  also  be  present  in  small  number. 
Whereas  coarse,  patchy  calcification  is  common, 
psammoma  bodies  are  only  rarely  found  ( 151). 

Although  in  most  cases  of  composite  ganglio- 
neuroma-pheochromocytoma  the  two  components 
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Figure  9-51 
GANGLIONEUROMA 

The  essential  components  of  this  tumor  include  ganglion  cells,  their  processes,  and  ensheathing  Schwann  cells  (A).  These 
vary  in  proportion  and  in  their  distribution.  This  example  exhibited  areas  with  numerous,  concentrated  ganglion  cells  (B)  and 
other  areas  in  which  they  were  dispersed  (C). 
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Figure  9-52 
GANGLIONEUROMA 


The  arrangement  of  nerve  fibers  varies  from  compact,  aligned  bundles,  the  appearance  of  which  mimics  that  of  schwannoma 
<A),  to  fields  wherein  nerve  fiber  bundles  of  varying  size  are  dispersed  (B).  Short  of  the  finding  of  scattered  ganglion  cells,  the 
jumbled  bundles  may  mimic  the  pattern  of  a neurofibroma  (C). 
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Figure  9-53 
GANGLIONEUROMA 

Whether  longitudinally  (left)  or  cross  cut  (right),  nerve  fiber  bundles  vary  markedly  in  appearance. 


are  minimally  admixed  (fig.  9-50C)  (146,151, 
173,190,193),  one  example  arising  in  nodular 
and  diffuse  adrenal  medullary  hyperplasia  of 
MEN  lib  ( 150)  showed  a clear  transition  of  pheo- 
chromocytes  to  intermediate  cells  and  ganglion 
cells.  Although  cells  of  all  three  types  exhibited 
tyrosine  hydroxylase  activity,  the  process  of 
transition  was  accompanied  by  loss  of  phenyle- 
thanolamine-N-methyl transferase,  the  enzyme 
that  synthesizes  epinephrine.  One  morphologi- 
cally unique,  testosterone-secreting  adrenal 
ganglioneuroma  consisted  in  part  of  nodules  of 
Leydig  cells  containing  lipochrome  pigment  and 
Reinke  crystalloids  (145). 

Immunohistochemical  Findings.  Ganglion 
cells  and  their  axonal  processes  stain  for  syn- 
aptophysin  (fig.  9-58A),  neurofilament  protein 
(fig.  9-58B),  and  tubulin,  as  well  as  for  neuron- 
specific  enolase,  a rather  nonspecific  marker  of 
neuronal  differentiation  (147,181).  Staining  for 
neurofilament  protein  includes  reactivity  for  the 
high  molecular  weight  phosphorylated  epitope 


(174,189).  The  Schwann  cell  element  of  ganglio- 
neuroma exhibits  strong  staining  for  S-100  pro- 
tein (fig.  9-58C)  and  may  also  show  myelin  basic 
protein  (189)  as  well  as  GFAP  expression.  In 
addition,  collagen  4 reactivity  highlights  the 
basal  lamina  surrounding  Schwann  cells.  Al- 
though chromogranin  A staining  within  the  cy- 
toplasm of  ganglion  cells  is  said  to  be  a regular 
finding  (189),  we  have  found  it  to  vary  (fig.  9-59, 
left).  Of  hormones  elaborated  by  ganglioneuroma, 
VIP  is  the  best  known  (fig.  9-59,  right)  (173,190). 
This  substance  is  frequently  demonstrable  in  dif- 
ferentiating and  mature  ganglion  cells,  even  in 
lesions  unassociated  with  the  watery  diarrhea  syn- 
drome (fig.  9-59,  right).  Calcitonin  immunoreactiv- 
ity  has  also  been  reported  (173). 

Ultrastructural  Findings.  The  fine  struc- 
tural features  of  ganglioneuroma  are  similar  to 
those  of  mature  sympathetic  ganglia.  The  ganglion 
cells  are  characterized  by  1)  large,  round  to  oval, 
electron-lucent  nuclei  with  prominent  nucleoli;  2) 
abundant  cytoplasm  containing  well-developed, 
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Figure  9-54 
GANGLIONEUROMA 

Even  at  high  power  the  distribution  of  ganglion  cells  varies,  some  being  isolated  (A),  others  clustered  (B).  Many  but  not  all 
contain  abundant  Nissl  substance.  Note  large  vesicular  nuclei  and  prominent  nucleoli,  hallmarks  of  ganglion  cells.  Cytologic 
abnormalities  are  common  and  include  multinucleation  (A,B),  vacuolation  (A),  and  spherical,  eosinophilic  cytoplasmic  masses 
(C,D),  some  closely  resembling  Lewy  bodies  (D;  see  also  fig.  9-58).  (D  courtesy  of  Dr.  Jon  Wilson,  New  York,  NY.) 
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Figure  9-55 
GANGLIONEUROMA 

Ganglion  cells  vary  in  their  content  of  Nissl  substance  (A)  and  argyrophilic  granules  (B).  Their  processes  are  readily 
visualized  on  silver  impregnations  (C),  but  myelin  stains  are  typically  negative  ( D ).  (A,  cresyl  violet;  B.  Grimelius;  C, 
Bielschowsky;  D,  Luxol-fast  blue-periodic  acid-Schiff  stains.) 
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Figure  9-56 
GANGLIONEUROMA 

Two  cross-sectioned  axons  (arrows)  contain  dense-core 
neurosecretory  granules  with  an  average  diameter  of  100 
nm  (X27,000). 


often  dilated  rough  endoplasmic  reticulum;  3)  a 
prominent  Golgi  apparatus  and  numerous  pleo- 
morphic secondary  lysosomes;  4)  bundles  of  in- 
termediate filaments  (neurofilaments)  which  ex- 
tend into  proximal  processes;  5)  scattered 
microtubules;  and  6)  dense  core  neurosecretory 
granules  ranging  in  diameter  from  90  to  130  nm 
(figs.  9-56,  9-60).  In  one  case,  125-nm  granules 
were  thought  to  correlate  with  the  presence  of 
calcitonin,  and  coexisting  350-nm  granules  with 
VIP  (173).  Rarely  seen  presynaptic  terminations 
of  axons  reportedly  contain  40-  to  60-nm  vesicles. 
Tubular  inclusions  (172)  and  Pick-like  bodies 
( 149)  also  have  been  reported  to  occur  within  the 
cytoplasm  of  ganglion  cells.  While  most  axons 
are  unmyelinated,  scattered  myelinated  exam- 
ples, presumably  overrun  normal  nerve  fibers, 
are  found  in  many  tumors  (fig.  9-61).  The  flat- 
tened satellite  cells  encompassing  ganglion  cells 
are  surrounded  by  basal  lamina  on  their  exter- 
nal surface  (fig.  9-60).  The  interstitium  of 
ganglioneuroma  contains  varying  quantities  of 
collagen  fibrils  and  scattered  Luse  bodies  (long- 
spacing  collagen).  Ultrastructural  studies,  while 
sefui  in  delineating  architecture  and  cellular 
lakeup  of  ganglioneuroma,  are  generally  not 
required  for  diagnosis. 

Differential  Diagnosis.  Ganglioneuroma  is 
readily  distinguished  from  neurofibroma  and 


schwannoma , both  of  which  lack  both  a ganglion 
cell  component  and  abundant  unmyelinated  nerve 
fibers.  Confusion  only  arises  at  surgery,  on  gross 
examination,  and  at  microscopy  in  cases  in  which 
these  nerve  sheath  tumors  overrun  dorsal  root  or 
sympathetic  ganglia  (fig.  9-62).  The  residua  of  nor- 
mal ganglia  are  characterized  by  orderly  arrange- 
ment and  uniform  cytology  of  clustered  ganglion 
cells  as  well  as  by  separation  of  such  clusters  by 
organized  bundles  of  myelinated  or  unmyelin- 
ated nerve  fibers.  Intraneural  neurofibromas 
lack  the  high  density  of  nerve  fibers  that  charac- 
terize ganglioneuroma;  instead,  nerve  fibers  in 
neurofibromas  are  few  in  number,  are  often  my- 
elinated, and  are  either  widely  separated  by 
intervening  neurofibroma  tissue  or  lie  bundled 
at  the  center  of  affected  nerve  fascicles.  Another 
distinguishing  feature  is  the  presence  of  more 
extensive  stromal  mucin  (mucopolysaccharide)  in 
neurofibromas.  Elements  of  schwannoma  not  seen 
in  ganglioneuroma  include  a thick  capsule,  an 
often  peripherally  displaced  or  partly  intracapsu- 
lar  myelinated  nerve,  hyalinized  blood  vessels, 
Antoni  A and  B patterns,  palisading  of  cells,  and 
Verocay  bodies.  Localized  mucosal  neuromas,  such 
as  of  the  pharynx  ( 154),  may  feature  overrun  gan- 
glion cells  and  thereby  enter  into  the  differential 
diagnosis  of  ganglioneuroma. 

As  previously  noted,  ganglioneuromatous  matu- 
ration is  known  to  occur  in  both  pheochromocytoma 
(fig.  9-50)  and  in  the  spectrum  of  neuroblastic 
tumors.  Composite  ganglioneuroma-pheochromo- 
cytoma  was  discussed  in  detail  above.  Adequate 
tissue  sampling  is  key  to  the  correct  diagnosis  of 
such  neoplasms.  With  regard  to  neuroblastoma, 
its  primary  sites  differ  from  those  of  ganglio- 
neuroma. In  the  majority  of  cases,  the  former  are 
infradiaphragmatic  and  the  latter  supra- 
diaphragmatic. Neuronal  neoplasms  often  mis- 
taken for  ganglioneuroma  include  “immature 
ganglioneuroma”  and  ganglioneuroblastoma. 
Immature  ganglioneuroma  is  characterized  by  a 
broad  range  of  ganglion  cell  maturation,  absence 
of  or  only  rare  neuroblasts,  and  often  abundant 
axonal  processes  unassociated  with  Schwann 
cells  (fig.  9-63).  Ganglioneuroblastoma  (fig.  9-64), 
particularly  of  the  stroma-rich  type  (184),  enters 
into  the  differential  diagnosis  since  a nonrepresen- 
tative biopsy  of  the  latter  may  contain  only  the 
mature  ganglionic  element.  Adequate  sampling  is 
always  a necessity.  The  finding  of  immature 
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Figure  9-57 
GANGLIONEUROMA 

Neuromelanin  deposition  (A)  is  commonly  seen  and  is  considered  a degenerative  feature.  The  same  is  true  of  stromal  mucin 
accumulation  (B)  and  fibrosis  or  chronic  inflammation  (C). 


271 


Tumors  of  the  Peripheral  Net'vous  System 


Figure  9-58 
GANGLIONEUROMA 

Ganglion  cells  show  reactivity  for  synaptophysin  (A)  and  neurofilament  protein  (B).  Note  that  the  latter  also  stains  spherical 
cytoplasmic  neurofilament  accumulations  and  ganglion  cell  processes.  The  ensheathing  Schwann  cells  are  S-100  protein  reactive  (C). 
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Figure  9-59 
GANGLIONEUROMA 

Chromogranin  staining  of  ganglion  cells  (left)  reflects  their  content  of  hormones  and  neurotransmitter  substances,  in  this 
case  vasoactive  intestinal  polypeptide  (VIP)  (right). 


Figure  9-60 
GANGLIONEUROMA 
A portion  of  a ganglion  cell  (top) 
is  intimately  surrounded  by  an  elon- 
gate satellite  cell  (center).  Note  that 
numerous  lysosomal  inclusions  are 
found  in  the  cytoplasm  of  the  gan- 
glion cell  and  that  the  outer  cell  mem- 
brane of  the  satellite  cell  is  separated 
from  the  stroma  by  a thin  basement 
membrane  (arrow)  (X9,700). 
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Figure  9-61 
GANGLIONEUROMA 
Prominent  unmyelinated  axons 
(bottom)  are  much  smaller  than  a nor- 
mal, apparently  entrapped  myelinated 
axon  (top).  The  stroma  consists  of  nu- 
merous collagen  fibrils,  here  seen  in 
cross  section  (X12,100). 
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Figure  9-62 
GANGLIONEUROMA 

Mimicry  of  ganglioneuroma  may  result  when  schwan- 
nomas involve  dorsal  root  ganglia  (A).  Unlike  ganglioneu- 
roma, the  schwannoma  component  is  devoid  of  nerve  fibers 
and  well-formed  Schwann  sheaths  ( B,  neurofilament  protein 
immunostain).  In  a similar  manner,  neurofibromas  may  also 
mimic  ganglioneuromas  (C). 
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Figure  9-63 

“IMMATURE”  GANGLIONEUROMA 

This  neuronal  neoplasm  mimics  mature  ganglioneuroma  and  consists  of  both  mature  ganglion  cells  and  smaller  forms  with 
less  cytoplasm  and  smaller  nucleoli  (A,B).  Atypia  as  well  as  rare  neuroblasts  may  be  seen  (B).  Neuronal  processes  unassociated 
with  Schwann  cells  are  a common  feature  (A,B)  and  readily  evident  on  H&E  (A,B)  and  S-100  protein  stains  (C). 
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Figure  9-64 

GANGLIONEUROBLASTOMA 

This  neuronal  neoplasm  consists  of  both  neuroblastic  (left)  and  variably  mature  gangboneuromatous  components  (right). 
Careful  sampling  of  such  tumors  is  required  to  avoid  an  erroneous  diagnosis  of  ganglioneuroma. 


neurons  with  little  cytoplasm  and  ones  lacking 
vesicular  nuclei  as  well  as  prominent  nucleoli 
should  prompt  a search  for  neuroblasts.  In  ex- 
pressing neuron-specific  enolase  and  synapto- 
physin  reactivity,  neuroblasts  are  usually  readily 
distinguished  from  the  scattered,  leukocyte  com- 
mon antigen-positive  lymphocytes  often  seen  in 
ganglioneuroma.  As  previously  noted,  maturation 
of  neuroblastoma  or  ganglioneuroblastoma  metas- 
tases  may  also  mimic  ganglioneuroma  (fig.  9-65). 

Ganglioneuroma  is  a common  component  of  the 
histologically  malignant  heterogenous  tumor  vari- 
ously referred  to  as  ectomesenchymoma  ( 164)  and 
ngliorabdomyosarcoma”  (166),  a lesion  dis- 
ed  in  more  detail  under  MPNST  ex  gan- 
glioneuroma in  chapter  11. 


Treatment  and  Prognosis.  Ganglioneur- 
omas are  benign  tumors  that  cause  symptoms 
due  to  mass  effects  or,  far  less  often,  to  endocrine 
activity.  Resection  is  curative,  even  in  instances 
in  which  intimate  adherence  to  or  growth  around 
nearby  structures  complicates  resection.  The  oc- 
casional finding  of  ganglioneuroma  in  regional 
lymph  nodes  or  at  remote  sites  indicates  that 
maturation  of  a metastatic  neuroblastoma  has 
taken  place.  The  prognosis  in  such  instances  is 
also  excellent.  Nonetheless,  at  least  one  example 
of  recurrence  of  neuroblastoma  15  years  after 
conversion  to  ganglioneuroma  has  been  reported 
(157).  On  rare  occasion,  ganglioneuroma  may 
give  rise  to  malignant  peripheral  nerve  sheath 
tumor  (MPNST)  (see  chapter  11). 


276 


Miscellaneous  Benign  Neurogenic  Tumors 


* 


* 


X 


.A* 


'9+  \ V • 

- !>•%  ' a ‘ d 

* * - ••  * 

£1  i £&>  * * 

x i 

•i  **  ® 


i j>.," 

fia** 


••  •■•*  A*  N 

*V  ♦>-  a « 

«?  Ay;  >4 

v,  -*•  ~ * -* 

•\v  „ ^ 

: *v> 

♦ _ ' #-  . ♦ 'N 

“ •*  79 


y<a>*.-* 

*-•'■'"*  ...  ■y'' 


4*  af’  J <t  A> 

2?  * ,-  a 

<4-  n J 
fx«  • 


a 


r.J^ 

f.--' ":  ’ a 


.nr.  . - 


-**■'/  t44'^W»?5 

v r 7 ^ 2^  - *L  .xt 


a 


?' ..  5K 

V 

up  \ 


' IS-  % 


W:f5 

4/  ,:.  ; krZ&Ni* » 

*“*  w Ws"‘-  ’ I'iy 


X 


*•*,•  '5 


.'%•  * * 
% ’-A 


4#4  :v  < .A  *•. 

-V  |% 


4>ww  - 

A"*tX  # 


♦ * 


* . ■ % 

rl  .& 


|g§ 


$ * 

r 


tp, 

» • 


V •.  » 

• •♦***-?  #*v  < 

t •>/;  • < 

% ' « t N 2> 

- 


-i 


♦ H' 

'O  ' ’ <w 


'I 


<■ 


7—ir^tf  * 

/ ^0*.  V- 


*> 

r 


it  ^ ' # yjm  ■ „ 

ft.  • • ■> , 

V,.  ? *-  > ; 


if"  * 

V:: 


jgTJ 

*» 


,S.  7 V.  ' V ;>'n*  V I 

fcv,  . ,^a.  * , % \#0p 

.",*  7;  *» 

’ ‘ i 'V.-# 


i.  V 

X* 


^'¥^4hT  | 


S 

v ■ ;■ 


#▼*1% . * tr 

i ->i  ^ 


/*  |/  ' / 4^ 


I i 


1 

# 


J,  I V 


•*  + 

■ 7 $ 


V ^ '*‘**1*+,  * / *'  \ 

f tfn  ▲ /r  /#f  cl-  -*"'  • 


» VT  4 //  *4*  '«•  ^ 

! • '>  ^ - * 1 

~J  $,  * f'*^1 * * * VvC  < .**,*  / % * 


■4  rl 


i*  a 


| ; /a 


*>  r * > 


4’-  > 


/*- 


*;V 


\S  • ' 

•>  5 

t 


^ 'J^1  * * ■'  4 


•v-1#  A 
» K f 


a 


•A , * '$» ; „ 

/r*  -*fcV  -W 

ff  » r » ; 4 

,4M  1 * 


a 

> % 

i 

i mt/T 

^ r*  • 

J i f 

f - r # 

'\\f 


i’i 


i 


v if 


4 / / 

/y 


s-  '■ ‘rV  v 

^ P S w 4 ’ V . V 

’v  •• r.  •£.*.>  SE^ti  > /' 


!■»' i 


Figure  9-65 

NEUROBLASTOMA  WITH  GANGLIONEUROMATOUS  MATURATION  OF  METASTASIS 
This  adrenal  primary  (left)  showed  remarkable  maturation  in  its  orbital  metastasis  (right). 
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BENIGN  AND  MALIGNANT  NON-NEUROGENIC  TUMORS 


PERIPHERAL  NERVE 
AND  ECTOPIC  MENINGIOMA 

Definition.  This  meningioma  is  one  without  a 
meningeal  association  and  involves  soft  tissue, 
including  peripheral  nerve,  skin,  or  viscera. 

General  Comments.  In  most  instances,  the 
finding  of  a meningioma  outside  the  central  ner- 
vous system  (CNS)  is  due  to  direct  extension  of 
intracranial  or  intraspinal  meningiomas  via  os- 
seous foramina.  This  is  expected  given  the  inti- 
mate association  of  the  arachnoid  membrane 
with  proximal,  intradural  segments  of  cranial 
and  spinal  peripheral  nerves.  In  one  large  study 
of  meningiomas  (7),  90  percent  of  which  arose 
from  the  cranial  dura,  extension  outside  the  CNS 
was  noted  in  20  percent.  In  decreasing  order  of 
frequency,  secondarily  affected  sites  included  the 
orbit,  skull  and  scalp,  paranasal  sinuses  and  nose, 
and  parotid  and  parapharyngeal  regions.  There 
were  only  three  primary  extracranial  soft  tissue 
meningiomas  in  this  series,  one  involving  the  orbit 
and  two  the  neck;  none  affected  peripheral  nerve. 

Meningiomas  are  rarely  primary  in  periph- 
eral nerves.  A review  (4)  found  that  of  approxi- 
mately 75  meningiomas  reported  to  arise  outside 
the  CNS,  only  2 arose  in  a major  peripheral 
nerve  (4,9).  One  additional  case  has  recently 
been  described  (15).  It  is  of  note  that  several 
other  examples,  variously  quoted  as  originating 
in  nerve,  did  not  in  fact  do  so  (1,5). 

The  spectrum  of  meningothelial  lesions  af- 
fecting subcutaneous  tissue  and  skin  extends 
beyond  cutaneous  meningiomas,  some  of  which 
are  nerve-associated,  to  include  “rudimentary 
meningocele  of  the  skin”  (19,27),  a presumably 
malformative  lesion  related  to  meningocele,  and 
the  closely  related  “hamartoma  of  scalp  with 
ectopic  meningothelial  elements”  (31).  On  occa- 
sion, the  latter  may  be  familial  (12).  Meningo- 
thelial cells  may  also  contribute  to  “hairy  polyp 
of  the  palate”  (23). 

Pathogenesis.  Proposed  mechanisms  under- 
lying the  occurrence  of  meningiomas  outside  the 
CNS  include:  1 ) extradural  trapping  of  arachnoi- 
dal cells  during  development;  2)  migration  of 
arachnoidal  cells  along  developing  peripheral 


nerves;  and  3)  metaplasia  of  soft  tissue  or  periph- 
eral nerve  sheath  cells  (17,30). 

The  distinction  between  lesions  resulting 
from  entrapment  as  opposed  to  migration  is 
often  difficult,  since  a parent  nerve  may  not  be 
found.  Presumed  examples  of  trapping  include 
meningiomas  involving  calvarial  diploe  (11,14) 
and  skin  overlying  the  skull  or  spine  (26,33). 
Rare  examples  of  post-traumatic  extracranial 
meningioma  may  also  be  viewed  as  a form  of 
arachnoidal  cell  entrapment  (35). 

Peripheral  meningiomas,  perhaps  arising  by 
migration  of  arachnoidal  cells  along  nerve,  in- 
clude those  affecting  soft  tissues  of  the  head  and 
neck  (13),  parotid  and  parapharyngeal  region 
(21),  maxilla  and  oral  cavity  (28,32),  nasophar- 
ynx (36),  orbit,  and  temporal  bone  (13).  Menin- 
giomas of  proximal  nerve  plexuses  may  also  fall 
into  this  group  (4,9,15).  The  simple  fact  that  the 
leptomeninges  are  continuous  with  the  perineu- 
rium (20)  may  explain  the  occurrence  of  proxi- 
mal examples,  but  the  occasional  finding  of 
arachnoidal  cell  nests  around  otherwise  normal 
peripheral  nerves  (9)  suggests  that  migration  of 
these  cells  may  also  play  a role. 

The  metaplasia  concept  perhaps  better  explains 
the  finding  of  meningiomas  at  sites  truly  remote 
from  the  CNS.  Experiments  showing  not  only 
nerve  sheath  but  a portion  of  the  leptomeninges  to 
be  neuroectodermal  in  derivation  ( 10)  make  this  a 
plausible  mechanism.  A likely  candidate  to  un- 
dergo arachnoidal  metaplasia  is  the  perineurial 
cell.  Arachnoidal  and  perineurial  cells  share 
some  similarities,  both  being  vimentin  and  epi- 
thelial membrane  antigen  (EMA)  reactive  (34). 
There  are  differences,  however.  Electron  micro- 
scopic studies  show  that  meningothelial  cells 
contain  intermediate  filaments  and  are  intercon- 
nected by  well-formed  desmosomes,  whereas  peri- 
neurial cells  are  joined  by  tight  junctions.  Further- 
more, perineurial  cells  possess  a discontinuous 
pericellular  basement  membrane  as  well  as  pino- 
cytotic  vesicles,  features  alien  to  arachnoidal  cells, 
and  lack  S-100  protein  immunoreactivity,  a feature 
evident  in  18  percent  of  meningothelial 
meningiomas  and  80  percent  of  fibrous 
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meningiomas  (3,37).  Nonetheless,  since  an  inti- 
mate association  with  nerve  is  noted  in  some 
heterotopic  meningiomas,  particularly  cutane- 
ous examples  (33),  arachnoidal  metaplasia  of 
nerve  sheath  or  mesenchymal  cells  may  well 
explain  the  occurrence  of  meningiomas  at  such 
remote  sites  as  a finger  (5),  muscle  of  the  thigh 
(29),  and  in  viscera  such  as  the  lung  (6,24). 

Clinical  Features.  Peripheral  meningiomas 
represent  1 percent  of  all  meningiomas.  Nearly 
all  are  sporadic  in  occurrence. 

The  two  peripheral  nerve  tumors  reported  to 
date  arose  in  adult  females,  both  in  the  brachial 
plexus  (4,9).  A possible  third  example,  a psam- 
momatous meningioma,  arose  in  the  left  neck  of  a 
15-year-old  male;  firmly  attached  to  the  left  acces- 
sory nerve,  it  also  featured  a fibrous  string-like 
attachment  to  the  vertebral  column  (8).  One  man- 
dibular nerve  tumor  considered  a meningioma 
(15)  has  since  been  found  to  be  a perineurioma. 

Of  meningiomas  arising  outside  the  CNS,  45 
percent  are  cutaneous  meningiomas.  Rare  exam- 
ples, due  either  to  multifocality  (38)  or  to  an  asso- 
ciation with  pheochromocytoma  (25),  are  thought 
to  be  a manifestation  of  a phakomatosis.  Lopez  (17) 
divided  cutaneous  meningothelial  lesions  into 
three  distinct  clinicopathologic  types.  Probably 
congenital,  those  of  type  I occur  in  children  and 
young  adults  and  involve  primarily  the  scalp,  fore- 
head, and  paravertebral  area.  Some  are  presumed 
to  originate  in  arachnoidal  rests  entrapped  during 
development,  and  have  been  conceptually  linked 
to  “rudimentary  meningocele  of  skin”  ( 19,27)  or  to 
“hamartoma  of  scalp  with  ectopic  meningothel- 
ial elements”  (31).  Type  II  lesions  often  arise 
along  the  distribution  of  cranial  or  spinal  nerves, 
particularly  in  the  orbital,  nasal,  aural,  and  buc- 
cal regions.  Their  genesis  may  be  in  arachnoidal 
cells  accompanying  nerves  as  they  penetrate  the 
skull.  Such  tumors  occur  primarily  in  adults. 
Type  III  lesions  result  from  direct  extension  of 
intracranial  meningiomas  into  skin,  and  affect 
primarily  adults;  spinal  examples  are  rare  (26). 

Gross  and  Histologic  Findings.  The  three 
peripheral  nerve  meningiomas  reported  to  date 
were  all  centered  upon  or  accompanied  by  me- 
I ium-sized  or  large  nerves,  and  were  located  in  the 
.-.ipineurimn  (fig.  1Q-1A,B).  As  in  the  CNS,  their 
morphologic  spectrum  includes  a meningothelial 
(4)  and  a transitional  example  (9).  Psammoma 
bodies  were  present  in  one  instance  (9).  Atypical 


features  indicative  of  aggressive  behavior,  such  as 
brisk  mitotic  activity,  hypercellularity,  and  necro- 
sis were  not  noted.  Immunohistochemistry,  per- 
formed in  one  case,  showed  reactivity  for  EMA(fig. 
10- 1C)  (4).  Stains  for  S-100  protein  were  negative 
(fig.  10- IB)  as  were  those  for  glial  fibrillary  acidic 
protein  (GFAP),  Leu-7,  and  keratin  preparations. 
These  results  are  consistent  with  the  immuno- 
phenotype  of  meningioma  (3,37).  Typical  ultra- 
structural  features  of  meningioma  were  apparent 
in  the  two  cases  (4,9)  and  included  intracyto- 
plasmic  intermediate  filaments,  inter digita ting 
cell  membranes,  and  well-formed  desmosomes. 
Basement  membrane  was  lacking. 

Cutaneous  meningiomas  generally  show  his- 
tologic, immunohistochemical,  and  ultrastruc- 
tural  features  typical  of  meningioma.  Un- 
encapsulated and  invasive  of  connective  tissue, 
some  type  I lesions  are  nerve-associated  (33). 
The  same  is  true  of  a significant  proportion  of 
type  II  tumors  occurring  in  cranial  nerve  distri- 
butions. In  the  series  of  Lopez  et  al.  (17),  approx- 
imately 30  percent  of  type  I lesions  corresponded 
to  what  is  termed  “rudimentary  meningocele”  or 
“acoelic  meningeal  hamartoma”  (19,27).  Both 
these  and  the  closely  related  “meningeal  ham- 
artoma of  the  scalp”  ( 12,31)  occur  in  newborns  or 
young  children  and  tend  to  be  associated  with 
underlying  osseous  defects  or  other  congenital 
anomalies.  Solid  or  partly  cystic,  they  are  rela- 
tively hypocellular  and  consist  in  large  part  of 
meningothelial  cells  dissecting  between  collagen 
bundles,  a pattern  which  may  mimic  vascular 
neoplasms,  particularly  angiosarcoma  (31). 

Differential  Diagnosis.  In  view  of  the  fre- 
quency with  which  intracranial  and  spinal  men- 
ingiomas extend  peripherally  through  a dural 
root  sleeve,  confirmation  of  an  ectopic  origin 
requires  careful  attention  to  neuroimaging  and 
operative  findings.  Rare  soft  tissue  meningiomas 
unassociated  with  nerve  (29)  must  also  be  ex- 
cluded. The  ease  with  which  perineurioma  may 
be  confused  with  meningioma  is  illustrated  by 
one  mandibular  tumor  mimicking  meningioma 
(15).  Lastly,  given  the  wide  morphologic  spec- 
trum of  meningiomas,  the  differential  diagnosis 
is  broad.  In  the  context  of  a nerve-associated 
neoplasm,  principal  lesions  include  schwannoma 
and  soft  tissue  perineurioma.  Their  salient 
morphologic  and  immunohistochemical  differ- 
ences from  meningioma  are  summarized  in  Table 
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Figure  10-1 

MENINGIOMA  OF  NERVE 

This  multiple  recurrent,  rather  cellular  meningothelial  meningioma  arose  in  the  brachial  plexus  of  a 50-year-old  female 
with  a long  history  of  pain.  It  encased  nerve  fascicles  (A),  here  accentuated  on  S-100  protein  stain  (B),  and  was  EMA 
immunoreactive  (C).  (Courtesy  of  Drs.  S.  Coons,  Phoenix,  AZ  and  PC.  Johnson,  Tuscon,  AZ.) 
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Table  10-1 

DIFFERENTIAL  DIAGNOSIS 


Features 

Meningioma 

Schwannoma 

Soft  Tissue 
Perineurioma 

Antoni  A and/or  B pattern 

(-) 

Frequent 

(-) 

Verocay  bodies 

(-) 

Frequent 

(-) 

Whorls 

Frequent,  tight 

Rare,  vague 

Occasional,  loose 

Psammoma  bodies 

20% 

Rare 

(-) 

Reticulin  pattern 

Variable 

Intercellular 

Intercellular 

S-100  protein 

18-80% 

100% 

(-) 

EMA 

70-95% 

(-) 

100% 

Cytokeratin 

5% 

(-) 

(-) 

Interdigitating  cell  membranes 

Yes 

No 

No 

Entangled  cell  processes 

No 

Yes 

No 

Junctions 

Well-formed  desmosomes 

Rudimentary 

Rudimentary  and  tight 

Basement  membranes 

Absent 

Continuous 

Discontinuous 

10-1.  A full  discussion  of  the  differential  diagno- 
sis of  meningioma  may  be  found  in  the  Alas  of 
Tumor  Pathology,  Tumors  of  the  Central  Ner- 
vous System  (2). 

Meningiomas  secondarily  involving  nerve  are 
far  more  common  than  ones  arising  primarily  in 
nerve.  Actual  invasion  of  nerve  by  nearby 
meningiomas  may  have  implications  for  their 
recurrence  (16). 

Treatment  and  Prognosis.  Too  few  menin- 
giomas of  peripheral  nerve  have  been  described 
to  draw  conclusions  regarding  prognosis.  The 
subtotally  excised  brachial  plexus  tumor  of 
Coons  and  Johnson  (4)  was  associated  with  mul- 
tiple recurrences  despite  absence  of  atypia.  After 
multiple  partial  resections  and  two  courses  of 
radiotherapy,  the  patient  is  alive  at  17  years  with 
persistent  disease.  None  have  metastasized,  a 
rare  occurrence  in  meningiomas  at  any  site.  The 
patient  that  Hallgrimsson  et  al.  (8)  treated  by 
resection  with  sparing  of  the  nerve  was  tumor- 
free  at  3 years.  Depending  upon  the  nerve  in- 
volved, gross  total  removal  or  simple  debulking 
of  tumor  may  be  the  treatment  of  choice.  As  at 
other  sites,  radiation  therapy  may  be  required 
when  complete  resection  is  not  possible  (4). 

.Although  cutaneous  meningiomas  are  benign, 
>te  prognosis  varies  with  their  location  (35). 
Ones  limited  to  skin  (type  I)  are  only  locally 
infiltrative  and  are  amenable  to  resection. 
Meningiomas  of  skin,  particularly  scalp  lesions, 


may  communicate  with  the  underlying  menin- 
ges; cautious  resection  is  required  in  order  to 
avoid  a cerebrospinal  fluid  leak  (22).  Type  II 
tumors  have  a guarded  prognosis,  due  to  their 
location  and  capacity  for  recurrence.  Given  the 
association  of  type  III  tumors  with  central  dis- 
ease, many  are  inoperable.  Malignant  primary 
cutaneous  meningiomas  undergoing  distant  me- 
tastasis are  rare  (18). 

MISCELLANEOUS  TUMORS 
AND  TUMOR-LIKE  LESIONS 

Paraganglioma  of  Nerve  Root 

On  occasion,  extra-adrenal  paragangliomas 
arise  at  sites  in  which  paraganglia  do  not  normally 
occur.  These  include  the  duodenum  (64,  85),  filum 
terminate  (92),  and  pituitary  (86).  Rarely,  large 
nerves  are  affected,  particularly  spinal  nerve  roots 
of  the  cauda  equina  (88,92,99)  or  other  spinal  levels 
(40).  Of  these,  paraganglioma  of  cauda  equina  are 
by  far  the  most  common.  With  rare  exception,  they 
occur  in  adults,  showing  a 2 to  1 mate  predilection. 
Symptoms  include  low  back  pain,  sensorimotor 
deficits,  and  bowel  and  bladder  dysfunction.  On 
computerized  tomography  (CT)  and  magnetic 
resonance  imaging  (MRI)  scans,  paragangliomas 
present  as  contrast-enhancing,  sausage-shaped 
masses.  Most  measure  several  centimeters  in 
size,  but  one  massive,  13-cm  example  has  been 
reported  (99).  Enveloped  by  a delicate  fibrous 
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Figure  10-2 

PARAGANGLIOMA  OF  NERVE  ROOT 

Although  the  occurrence  of  perivascular  pseudorosettes  and  mucin  accumulation  may  simulate  myxopapillary  ependymoma 
(A),  argyrophilia  (Grimelius  stain)  readily  permits  the  correct  diagnosis  (B).  Half  of  cauda  equina  lesions  show  ganglionic 
differentiation  (C).  Occasional  examples  have  capsular  calcifications  (D).  (D,  courtesy  of  Dr.  N.  Karpinski,  San  Diego,  CA.) 


capsule,  occasionally  with  microcalcification  (fig. 
10-2),  their  histologic  patterns  vary  considerably. 
Most  tumors  show  the  typical  zellballen  pattern 
exhibited  by  paragangliomas  at  other  sites.  Yet 
others  feature  a ribbon  or  pseudorosette  pattern 
resembling  that  of  carcinoid  tumor  (fig.  10-2A). 
Ganglionic  differentiation  (fig.  10-2C)  is  seen  in 
up  to  half  of  paragangliomas  of  the  cauda  equina 
region  (92).  The  neuroendocrine  nature  of  their 
chief  cells  is  confirmed  by  the  findings  of 
argyrophilia  (fig.  10-2B)  and  occasionally  by 
argentaffin  staining,  as  well  as  by  immunoreac- 
tivity  for  neuron-specific  enolase,  synapto- 


physin,  chromogranin,  and  such  neuropeptides 
as  somatostatin,  serotonin,  or  metenkephalin 
(59,65,92).  Cytokeratin  expression  by  chief  cells 
is  reportedly  a feature  of  paragangliomas  occur- 
ring in  the  cauda  equina  region  (75).  Clusters  of 
chief  cells  are  encircled  by  modified  Schwann 
cells.  Termed  sustentacular  cells,  they  demon- 
strate immunoreactivity  for  S-100  protein  and 
GFAP.  The  ultrastructural  findings  are  those  of 
paragangliomas  occurring  at  other  sites  (52). 
These  include  the  presence  within  chief  cells  of 
100-  to  400-nm  secretory  granules,  occasionally 
numerous  or  atypical  mitochondria,  moderately 
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Figure  10-3 

LIPOMA  OF  8TH  NERVE 

Above:  The  MRI  appearance  of  this  lesion,  here  seen  as  a bright  signal 
on  Tl-weighted  sequence,  is  diagnostic.  (Courtesy  of  Dr.  G.M.  Miller, 
Rochester,  MN.) 

Right:  Note  the  entrapment  of  nerve  fascicles  and  accompanying 
ganglion  cells  by  benign  adipose  tissue.  (Courtesy  of  Dr.  PC.  Burger, 
Baltimore,  MD. ) 


developed  Golgi  complexes,  small  stacks  of  rough 
endoplasmic  reticulum,  smooth  endoplasmic  retic- 
ulum, lysosomes  in  small  number,  and  occasional 
arrays  of  intermediate  filaments.  Process  forma- 
tion and  rudimentary  junctions  are  also  seen. 
Sustentacular  cells  vary  in  number  and  may  be 
absent,  particularly  in  malignant  examples. 

While  the  majority  of  nerve  root  paragangli- 
omas lend  themselves  to  gross  total  resection,  a 
minority  are  locally  invasive.  Invasiveness  is 
more  often  a feature  of  recurrent  tumors.  Of 
subtotally  resected  lesions,  approximately  10 
percent  recur  at  1 year  (88).  Paragangliomas  of 
nerve  are  rarely  malignant;  only  one  example,  a 
lesion  occurring  at  the  cervical  level,  has  been 
reported  (40).  The  aggressive  potential  of  both 
adrenal  and  extra-adrenal  paragangliomas  is 
related  to  anaplastic  changes  reflected  by  a dim- 
inution of  or  lack  of  neuropeptide  immunoreac- 
tivity  (65,70)  and  sustentacular  cells  (65). 

Spinal  intradural  paragangliomas  must  be 
distinguished  from  myxopapillary  ependymoma. 
In  contrast  to  paraganglioma,  ependymomas  far 
more  often  break  through  their  capsules  to  in- 
volve surrounding  leptomeninges  and  nerve 
roots,  exhibit  widespread  GFAP  positivity,  and 
lack  both  neuronal  differentiation  and  immuno- 
reactivity  for  neuroendocrine  markers  (93). 


Lipoma 

Soft  tissue  lipomas  secondarily  compressing 
peripheral  nerve  are  uncommon  (76,94).  They 
are  well  circumscribed  by  a delicate  capsule, 
arise  in  subfacial  tissue  or  in  intermuscular 
planes,  and  are  composed  entirely  of  adipose 
tissue.  In  the  upper  extremity,  the  posterior  inter- 
osseous nerve  is  most  often  affected  (58).  Lipoma 
of  nerve  sheath,  defined  as  a discrete,  delicately 
encapsulated  epineurial  lesion,  is  rare  (see  chapter 
6,  fig.  6-5,  upper  right)  (83,93).  Excision  of  both  soft 
tissue  and  nerve  sheath  lipomas  is  curative  and 
unassociated  with  neurologic  deficits.  Neither  is 
accompanied  by  macrodactyly.  For  a discussion  of 
lipofibromatous  hamartoma  of  nerve,  the  reader  is 
referred  to  chapter  6. 

Cranial  nerve  lipomas  are  rare  and  present  in 
adulthood.  Most  arise  in  the  cerebellopontine 
angle  where  they  affect  the  8th  or  occasionally, 
other  nerves  (46,62,89).  Although  clinically  con- 
fused with  acoustic  schwannoma,  the  neuroimag- 
ing characteristics  of  fat  permit  a preoperative 
diagnosis  in  nearly  all  instances.  Microscopically, 
they  consist  of  mature  adipose  tissue  intimately 
associated  with  nerve  fascicles,  fibers,  and  gan- 
glion cells  (fig.  10-3,  above).  As  is  the  case  in 
lipomas  affecting  other  CNS  sites,  the  occasional 
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presence  of  heterologous  elements,  such  as  mus- 
cle (see  figs.  6-7,  6-8)  (39),  suggests  that  lipomas 
of  the  8th  nerve  may  be  malformative  rather 
than  neoplastic  in  nature.  The  relation  of  such 
muscle-containing  CNS  lesions  to  intracranial 
neuromuscular  choristoma  (55),  or  rhabdomyo- 
matous  lesions  with  scant  adipose  tissue  content 
(95)  or  none  at  all  (100),  remains  unsettled  (see 
Neuromuscular  Choristoma,  page  101). 

Spinal  epidural  lipomatosis,  a rare  disorder 
often  associated  with  the  administration  of  exog- 
enous steroids  or  with  endogenous  steroid  ex- 
cess, may  produce  radiculopathy  (80).  It  affects 
primarily  the  thoracolumbar  region  and  occurs 
mainly  in  obese  males.  Surgical  decompression 
is  the  treatment  of  choice. 

Vascular  Tumors  of  Nerve 

Benign  vascular  lesions  rarely  affect  nerve. 
The  clinicopathologic  features  of  the  approxi- 
mately 15  reported  hemangiomas  were  recently 
summarized  (5  la, 82a, 96).  Fully  half  of  patients 
are  of  pediatric  age,  but  no  sex  predilection  is 
apparent.  There  is  also  no  association  with  prior 
trauma.  In  order  of  decreasing  frequency,  in- 
volved nerves  include  the  median,  ulnar,  digital, 
peroneal,  and  tibial.  Cranial  nerves  are  rarely 
affected  (70b).  Pain  is  the  most  common  symptom, 
although  early  lesions  may  present  as  asymptom- 
atic lumps.  Most  are  solitary  globular  lesions 
grossly  mistaken  for  nerve  sheath  tumor.  Multi- 
ple tumors  are  rare,  as  is  extensive  “hemangio- 
matosis” of  a nerve  (93a).  Affecting  primarily 
epineurium,  the  hemangiomas  may  be  of  cavern- 
ous or  capillary  type  (fig.  10-4)  (70a).  We  have 
encountered  one  example  of  spindle  cell  heman- 
gioendothelioma. Hemangiomas  showing  a com- 
pact pattern  of  growth,  particularly  ones  featur- 
ing mitotic  activity,  should  not  be  mistaken  for 
angiosarcoma  (see  below)  (fig.  10-4D).  An  occa- 
sional feature  of  capillary  hemangiomas  is  ex- 
tramedullary hemopoiesis.  Treatment  has  varied 
from  intraneural  dissection  with  gross  total  or 
partial  tumor  resection  to  excision  of  the  affected 
nerve.  With  the  exception  of  one  case  in  which  two 
partial  resections  failed  to  alleviate  pain,  thus 
necessitating  amputation  (93a),  all  patients  have 
experienced  symptomatic  improvement  without 
tumor  recurrence.  A conservative,  nerve-sparing 
approach  is  therefore  recommended. 


Of  particular  note  is  a report  of  a case  of 
angiomatosis  of  nerve  (fig.  10-5)  associated  with 
multiple  soft  tissue  tumors  (fig.  10-6)  in  the 
setting  of  progressive  peripheral  neuropathy 
(57).  It  featured  a massive  proliferation  of  small 
vessels  with  abnormally  thick  walls,  extensively 
replacing  both  the  endoneurium  and  perineu- 
rium of  multiple  peripheral  nerves  (fig.  10-5A,B). 
That  the  constituent  cells  were  either  pericytes 
or  smooth  muscle  cells  was  suggested  by  intense 
immunoreactivity  for  actin  and  smooth  muscle 
actin  (fig.  10-50,  as  well  as  by  the  ultrastruc- 
tural  features.  The  patient  also  exhibited  multi- 
ple, often  partially  calcified  soft  tissue  tumors. 
Histologically  these  resembled  infantile  myo- 
fibromatosis  (fig.  10-5D)  and  showed  immunohis- 
tochemical  and  ultrastructural  features  of  either 
smooth  muscle  or  myofibroblastic  differentiation. 
At  surgery,  a peripheral  nerve  branch  appeared  to 
course  directly  into  one  such  tumor.  This  associa- 
tion of  a diffuse  polyneuropathy  with  widespread 
angiomatosis  and  multifocal  soft  tissue  tumors 
(fig.  10-6)  may  well  be  a manifestation  of  a pre- 
viously unrecognized  syndrome.  Soft  tissue  an- 
giomatosis with  involvement  of  small  peripheral 
nerve  fascicles  has  also  been  described  (79). 

Primary  angiosarcoma  of  nerve  is  rare;  only  two 
cases  have  been  reported  (43,49).  A detailed  discus- 
sion of  this  and  malignant  vascular  tumors  second- 
arily affecting  nerve  are  found  in  chapter  12. 

The  glomus  tumor ; an  uncommon  benign  vas- 
cular tumor,  rarely  affects  nerve.  Only  three 
cases  have  been  reported;  affected  nerves  in- 
cluded the  radial  nerve  in  the  axillary  region  (fig. 
10-7)  (91),  a digital  nerve  (66),  and  a dermal 
nerve  in  the  shoulder  (48).  All  occurred  in  adults 
and  two  involved  grossly  apparent  nerves.  In  the 
dermal  example,  a nerve  association  was  evident 
only  at  the  histologic  level  where  nerve  fiber 
bundles  traversed  the  lesion  and  a surrounding 
epineurium  was  observed  (48).  Tumors  ranged 
from  several  millimeters  to  2.5  cm  in  size.  The 
lesions  appeared  discrete,  the  largest  having  the 
appearance  of  a schwannoma  which  shelled  out 
with  preservation  of  adjacent  nerve  fascicles  (fig. 
10-7,  above)  (91).  A nerve-sparing  surgical  ap- 
proach is  therefore  recommended.  The  occur- 
rence of  glomus  tumors  within  nerve  remains  to 
be  explained  since  glomus  bodies  are  not  nor- 
mally encountered  in  nerve. 
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Figure  10-4 

VASCULAR  TUMORS  OF  NERVE 

Capillary  hemangiomas  show  lobular  architecture  (A)  and  lie  in  epineurium  between  nerve  fascicles  (B).  Whereas  most 
feature  obvious  lumen  formation  (C),  occasional  examples  are  cellular  and  mitotically  active  (D).  Cavernous  angiomas,  such 
as  this  xacial  nerve  lesion  (E),  consist  of  large  vascular  spaces  composed  of  hyaline  vessels  (E).  They  too  are  epineurial  in 
location  (F,  neurofilament  protein  immunostain).  (E:  Courtesy  of  Dr.  D.  Horoupian,  Stanford,  CA.) 
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Figure  10-5 

ANGIOMATOSIS  OF  PERIPHERAL  NERVE 

Sections  of  the  sural  nerve  (A),  show  architecture  of  the  perineurium  and  endoneurium  to  be  retained.  Myelinated  fibers 
are  severely  and  diffusely  decreased.  A striking  proliferation  of  small  vessels  with  thickened  walls  is  present  in  the  perineurium 
and  extends  into  the  endoneurium,  partially  replacing  it.  These  vessels  are  accentuated  on  immunostains  for  factor  VHI-related 
antigen  (B).  The  cells  present  in  the  wall  of  the  numerous,  thickened  perineurial  and  endoneurial  vessels  show  intense 
immunoreactivity  for  alpha  smooth  muscle  actin  (C).  The  soft  tissue  nodules,  this  one  from  the  lateral  neck,  show  infantile 
myofibromatosis  or  hemangiopericytoma-like  features  (D).  (All  figures  courtesy  of  Drs.  C.  Giannini  and  PJ.  Dyck,  Treviso, 
Italy  and  Rochester,  MN,  respectively.) 


Only  a single  bona  fide  hemangiopericytoma  of 
nerve  has  been  described  (99a).  Involving  the  sci- 
atic nerve  of  an  adult,  it  was  entirely  limited  to 
epineurium.  On  occasion,  a rare  MPNST  shows  a 
hemangiopericytoma-like  pattern  (see  fig.  11-13D). 

Hemangioblastoma  of  Nerve 

Virtually  limited  to  the  CNS,  this  tumor  of 
adulthood  typically  arises  in  the  cerebellum.  De- 
pending upon  their  site  in  the  brain  or  spinal 


cord,  one  third  to  nearly  all  are  associated  with 
von  Hippel-Lindau  disease,  an  inherited,  auto- 
somal dominant  disorder  characterized  by  reti- 
nal, cerebellar,  and  spinal  hemangioblastomas; 
renal  cell  carcinoma;  cysts  or  cystic  neoplasms  of 
the  pancreas,  liver,  or  epididymis;  and  pheo- 
chromocytoma  (87).  The  5 percent  that  arise  in 
the  spinal  cord,  often  from  its  dorsal  aspect,  he 
in  close  proximity  to  spinal  nerve  roots  which 
may  occasionally  be  directly  involved  (45,98).  On 
the  other  hand,  hemangioblastomas  limited  to 
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Figure  10-6 

ANGIOMATOSIS  OF  PERIPHERAL  NERVE  WITH  SOFT  TISSUE  TUMOR  ASSOCIATION 
Multiple,  calcified,  subcutaneous  and  deep  soft  tissue  nodules  ranging  in  size  from  0.5  to  3 cm  are  present  in  the  lateral 
neck,  axilla,  chest  (left),  and  abdomen  (right).  (Fig.  1 from  Giannini  C,  Wright  A,  Dyck  PJ.  Polyneuropathy  associated  with 
nerve  angiomatosis  and  multiple  soft  tissue  tumors.  A newly  recognized  syndrome.  Am  J Surg  Pathol  1995;19:1325-32.) 


Figure  10-7 

GLOMUS  TUMOR  OF  NERVE 

This  well-demarcated  brachial  plexus  example  (above)  arose  in  the 
epmeurium  of  the  radial  nerve,  displaced  fascicles,  and  showed  the 
typical  histologic  features  of  glomus  tumor  (right).  For  clinical  details, 
see  ref.  52.  (Courtesy  of  Dr.  S.  E.  MacKennan,  St.  Louis,  MO.) 
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nerve  are  rare.  With  the  exception  of  two  re- 
ported examples  (44,56),  all  have  been  intradural, 
arising  either  from  a sensoiy  nerve  root  (44,45,56, 
60,98)  or  from  a ganglion  (67).  Dumbbell-shaped 
tumors  with  intradural  and  extradural-extraspi- 
nal  components  are  rare  (81).  In  one  instance  (45), 
multiple  cervical,  thoracic,  and  lumbar  heman- 
gioblastomas of  microscopic  dimension  were  an 
incidental  autopsy  finding. 

Approximately  half  of  patients  with  heman- 
gioblastoma of  nerve  have  von  Hippel-Lindau 
disease.  Patient  ages  range  from  17  to  79  years 
with  no  sex  predilection.  Sensory  symptoms  pre- 
dominate, a reflection  of  the  high  frequency  of 
posterior  root  involvement  in  intradural  tumors. 
Several  lesions  measured  3.5  cm.  With  increase 
in  tumor  size,  spinal  cord  or  anterior  root  com- 
pression results  in  associated  motor  signs.  Al- 
though invasion  of  nerve  fascicles  may  necessi- 
tate sacrifice  of  the  parent  nerve,  its  sparing  by 
microsurgical  resection  of  the  lesion  appears  to 
be  the  treatment  of  choice  (56).  Grossly,  the  tu- 
mors are  demarcated,  yellow-red,  and  associated 
with  prominent  feeder  vessels.  Microscopically, 
they  are  often  multinodular  and  show  microcystic 
degeneration.  The  cells  are  concentrated  in  the 
epineurium,  frequently  about  feeder  vessels  of 
varying  size  (fig.  10-8A),  but  fascicular  invasion 
is  commonly  seen.  At  higher  magnification  the 
stromal  cells  of  hemangioblastoma,  with  their 
round  nuclei  and  vacuolated,  lipid-rich  cyto- 
plasm, fill  the  interstices  between  innumerable 
capillaries  (fig.  10-8B).  In  areas  in  which  fasci- 
cles are  involved,  the  tumor  cells  lie  among  nerve 
fibers  (fig.  10-8C).  Termed  “stromal  cells,”  they 
are  S-100  protein  positive.  Unlike  some  heman- 
gioblastomas involving  brain  or  spinal  cord  which 
on  occasion  exhibit  unexplained  GFAP  reactivity, 
reported  peripheral  nerve  examples  are  nonreac- 
tive for  this  antigen  (44,56). 

The  differential  diagnosis  is  primarily  with 
renal  cell  carcinoma,  a lesion  often  associated  with 
von  Hippel-Lindau  disease.  Renal  cell  carcinomas 
stain  for  keratin  and  EMA.  It  is  of  note,  however, 
that  15  to  20  percent  of  primary  and  50  percent  of 
metastatic  renal  cell  carcinomas  are  S-100  protein 
positive.  The  prognosis  of  hemangioblastoma  is 
excellent.  No  reported  examples  have  recurred. 
Whereas  radiotherapy  plays  a limited  role  in  the 
treatment  of  cerebellar  and  spinal  hemangio- 


blastomas ( 90 ),  adjuvant  treatment  has  not  been 
employed  in  peripheral  nerve  lesions. 

Adrenal  Adenoma  of  Spinal  Nerve  Root 

To  date,  four  examples  of  heterotopic  adrenal 
tissue  within  the  nervous  system  have  been  de- 
scribed, including  one  intracranial  “rest”  composed 
of  adrenal  cortex  and  medulla  (72),  as  well  as  three 
adrenal  cortical  adenomas  of  spinal  nerve  root 
(63,73).  The  clinicopathologic  features  of  the  lat- 
ter were  recently  summarized  (73).  All  were  dis- 
crete tumors  of  the  spinal  region  (fig.  10-9A)  and 
involved  either  anterior  or  posterior  roots.  Un- 
like the  adrenal  rest,  which  was  an  incidental 
autopsy  finding,  the  three  adenomas  of  nerve 
root  were  symptomatic  due  to  pressure  effects. 
Their  microscopic  features  were  typical  of  adre- 
nal adenoma  (fig.  10-9B).  In  one  case,  biochemi- 
cal measurement  of  adrenal  steroid  hormones 
showed  high  tumoral  levels  (63).  In  two  other 
cases,  immunohistochemistry  demonstrated  the 
presence  of  adrenal  enzymes  (fig.  10-9C)  (73). 
Despite  these  findings,  none  of  the  lesions  were 
endocrinologically  active.  Given  their  relatively 
discrete  nature,  gross  total  resection  with  spar- 
ing of  the  involved  root  was  possible  in  all  cases. 
No  recurrences  have  been  reported. 

Hemopoietic  Neoplasms 

Primary  Lymphoma  of  Nerve.  Involve- 
ment of  peripheral  nerve  usually  occurs  in  the 
setting  of  disseminated  lymphoma  or  is  due  to 
direct  extension  from  contiguous  disease  (47,84). 
The  subject  is  discussed  in  detail  in  chapter  12. 

Primary  non-Hodgkin  lymphomas  of  periph- 
eral nerve  are  rare.  Of  reported,  well-characterized 
examples,  all  but  one  ( 97 ) have  arisen  in  the  sciatic 
nerve  (fig.  10-10)  (53,61,77,78,82).  Adults  ranged 
in  age  from  34  to  72  years  (mean,  55  years).  None 
had  evidence  of  systemic  lymphoma  or  immunode- 
ficiency. Men  were  predominantly  affected  ( 5 to  1). 
Symptoms  included  progressive  paresthesia, 
numbness,  weakness,  and  pain.  Involvement  was 
unilateral  but  varied  in  terms  of  the  level  at  which 
the  nerve  was  involved;  three  affected  the  mid-por- 
tion of  the  nerve,  one  arose  at  the  level  of  the 
femoral  head,  and  another  extended  within  nerve 
from  the  level  of  the  ischium  to  the  ankle;  a lumbar 
root  lesion  was  both  intradural  and  extradural 
(97).  Tumors  formed  fusiform  enlargements  of  the 
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Figure  10-8 

HEMANGIOBLASTOMA  OF  NERVE 

The  cellular,  nodular,  and  multicystic  tumor  involves  primarily  the  epineurium.  Note  a nerve  fascicle  traversing  the  lesion 
(A,  upper  right),  and  lipid-rich  stromal  cells  within  the  interstices  of  the  capillary  network  (B).  Some  degree  of  fascicular 
involvement  was  evident  on  neurofilament  protein  stain  (C). 
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Figure  10-9 

ADRENAL  CORTICAL  ADENOMA  OF  NERVE  ROOT 
The  nodular  tumor  was  delicately  encapsulated  (A)  and 
readily  separated  from  the  parent  nerve.  Microscopically,  it 
resembled  adrenal  cortex  (B)  and  was  seen  on  immunohis- 
tochemistry  to  contain  cytochrome  P 450- lib,  a steroido- 
genic adrenal  cortical  enzyme  (C). 


nerve,  an  appearance  indistinguishable  from 
nerve  sheath  tumors.  All  but  two  T-cell  examples 
were  B-cell  lymphomas.  Four  were  diffuse  in 
histologic  pattern  and  one  was  nodular.  Three 
tumors  were  intermediate  and  two  were  high- 
grade  types.  Despite  various  combinations  of 
resection,  radiation,  and  chemotherapy,  three 
tumors  disseminated  between  16  and  50  months 
of  clinical  onset.  Details  regarding  the  clinico- 
pathologic  Findings  in  five  of  the  six  reported 
cases  are  summarized  in  a recent  article  on  the 
subject  (82).  We  have  examined  a diffuse,  large 


cell  lymphoma  of  B-cell  type  arising  in  an  intra- 
dural lumbar  nerve  root.  Unassociated  with  sys- 
temic disease,  it  exhibited  both  an  epineurial 
and  intrafascicular  pattern  of  growth  (fig.  10-11). 

Amyloidoma  of  Nerve.  Once  termed 
“tumefactive  amyloidosis  of  nerve,”  amyloidomas 
of  the  peripheral  nervous  system  are  extremely 
rare.  They  are  localized  plasma  cell  tumors  com- 
posed primarily  of  amyloid  and  only  scant  plasma 
cells.  Most  have  involved  the  trigeminal  ( Gasser- 
ian) ganglion  (41,42,50,51,69,71,74);  in  one  case 
involvement  was  bilateral  (74).  Peripheral 
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Figure  10-10 

PRIMARY  LYMPHOMA  OF  NERVE 
An  MRI  scan  clearly  shows  that  the  globular  tumor  arises  in  the  sciatic 
nerve  (left).  Microsections  of  the  sparing  biopsy  shows  infiltration  of  epineu- 
rium  (above);  nerve-fascicles  were  not  sampled.  For  clinical  description,  see 
ref.  82.  (Courtesy  of  Dr.  F Roncaroli,  Bologna,  Italy.) 


nerves  are  less  often  involved;  reported  exam- 
ples have  included  the  infraorbital  (68)  and  sci- 
atic nerves  (54).  As  in  amyloidomas  of  the  CNS, 
no  association  with  systemic  amyloidosis  has 
been  reported  (69). 

Although  both  central  and  peripheral  amy- 
loidomas are  sparsely  cellular,  their  localized  oc- 
currence and  X light  chain  immunoreactivity  (69) 
suggest  they  are  not  simply  pseudotumors.  Sup- 
porting the  concept  that  amyloidomas  are  neoplas- 
tic in  nature  and  essentially  represent  “burned  out 
plasmacytomas”  are  the  findings  of  solely  AL  X 
genome  expression  by  in  situ  hybridization  and 
immunoglobulin  gene  rearrangement  (69). 

Symptoms  related  to  trigeminal  nerve  in- 
volvement include  progressive  numbness,  dyses- 
thesia, and  neuralgia  (41,42,50,51,54,68,69,74). 
In  instances  in  which  the  lesion  also  extends  into 
die  cerebellopontine  angle  and  jugular  foramen, 
esultant  hemifacial  spasms,  cerebellar  signs, 
and  hearing  loss  may  be  observed  (71).  On  MRI, 
a hypodense  mass  is  seen  on  Tl-weighted  im- 


ages, one  that  enhances  upon  contrast  adminis- 
tration. Edema  is  absent  in  surrounding  brain. 

The  gross  and  histologic  features  of  amyloidomas 
are  typical.  They  are  solitary,  appear  tan-brown,  and 
are  rubbery,  waxy,  or  crumbly  in  consistency  Small 
foci  of  calcification  may  be  observed. 

In  hematoxylin  and  eosin  (H&E)-stained  sec- 
tions, amyloid  appears  as  acellular,  eosinophilic 
material.  Unlike  collagen,  it  is  a homogeneous  or 
delicately  fibrillar  rather  than  forming  coarse 
bundles.  Within  ganglia  and  nerve,  interstitial 
amyloid  deposits  extensively  replace  paren- 
chyma (fig.  10-12A).  Ganglion  cells  and  nerve 
fibers  are  widely  dispersed.  Sparsely  scattered 
lymphocytes  and  mature  plasma  cells  vary  in 
number  but  are  generally  scant.  In  addition  to 
massive  interstitial  deposits,  the  walls  of  en- 
trapped blood  vessels  typically  also  contain  am- 
yloid. The  substance  is  Congo  red  positive  and 
shows  apple  green  birefringence  under  polarized 
light  (fig.  10-12B)  as  well  as  bright  yellow-green 
fluorescence  in  thioflavin  T preparations. 
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Figure  10-11 

PRIMARY  LYMPHOMA  OF  NERVE 
This  globular  lumbar  nerve  root  tumor  of  B-cell  type  was 
unassociated  with  disease  elsewhere.  It  replaced  the  parent 
nerve  (A,  top)  and  infiltrated  both  epineurium  and  en- 
doneurium  (B).  (C,  neurofilament  protein) 


B 


The  amyloid  in  nerves  affected  by  amyloidoma 
has  been  characterized  both  immunohistochemi- 
cally  and  biochemically  (42,69,74).  Only  AL  X ex- 
pression has  been  observed  ( fig.  10-  12C ).  With  the 
exception  of  one  case  in  which  AA-protein  immu- 
noreactivity  was  focally  observed  in  the  absence 
of  chronic  inflammatory  disease  or  circulating 
antinuclear  antibodies,  no  other  amyloid  protein 
subunits,  e.g.,  AA-protein,  (3-amyloid  A4  protein, 


transthyretin,  [32 -microglobulin,  cystatin  C,  or 
gelsolin,  have  been  detected  (74).  Monotypic  B 
lymphocytes  and  plasma  cells  are  not  found  in 
peripheral  blood.  At  the  ultrastructural  level, 
aggregates  of  amyloid  are  composed  of  non- 
branching fibrils  with  a diameter  of  8 to  12  nm. 

Since  amyloidomas  of  peripheral  nerves  are  well 
demarcated,  unifocal  lesions  unassociated  with  sys- 
temic disease,  surgical  removal  is  curative. 
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Figure  10-12 

AMYLOIDOMA  OF  NERVE 

This  tumor-like  deposit  affected  the  trigeminal  (Gasserian)  ganglion.  Note  the  residual  ganglion  cell  (A),  apple  green 
birefringence  on  polarized  light  (B),  and  Ig  X immunoreactivity  (C). 
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In  addition  to  Schwann  and  perineurial  cells, 
the  normal  nerve  sheath  contains  an  assortment 
of  specialized  but  less  site-specific  mesenchymal 
cells,  including  fibroblasts,  endothelial  cells, 
pericytes,  and  epineurial  lipocytes.  While  it  is 
possible  for  any  cell  of  the  nerve  sheath  to  give 
rise  to  a malignant  tumor,  most  better  differenti- 
ated malignant  peripheral  nerve  sheath  tumors 
(MPNSTs)  exhibit  Schwann  cell  characteristics. 
Thus,  MPNSTs  as  a whole,  even  poorly  differen- 
tiated examples,  are  generally  regarded  as  being 
of  Schwann  cell  origin  (82).  This  includes 
MPNSTs  developing  de  novo  without  genetic  pre- 
disposition; unassociated  with  an  obvious  precur- 
sor lesion,  but  occurring  within  otherwise  unre- 
markable peripheral  nerve  in  the  setting  of 
neurofibromatosis  1 (NF1);  arising  in  transition 
from  a sporadic  or  NFl-associated  neurofibroma; 
and  rarely,  arising  from  schwannoma,  ganglio- 
neuroma, ganglioneuroblastoma,  or  pheochromo- 
cytoma.  In  each  instance  the  precursor  Schwann 
cell  assumes  a different  form:  a non-neoplastic 
Schwann  cell  in  normal  nerve;  a benign  neoplastic 
Schwann  cell  in  the  schwannoma,  ganglio- 
neuroma, and  ganglioneuroblastoma;  a sustentac- 
ular  cell  (modified  Schwann  cell)  in  paragangli- 
oma; and  a benign,  presumably  neoplastic  and 
genetically  altered  Schwann  cell  capable  of 
multidirectional  differentiation  in  neurofibroma 
(97).  By  virtue  of  their  common  spindle  cell  mor- 
phology and  capacity  for  collagen  production, 
malignant  tumors  of  peripheral  nerve  derived 
from  or  growing  as  neoplastic  Schwann  cells, 
perineurial  cells,  or  fibroblasts  appear  histologi- 
cally similar.  Therefore,  although  the  terms  “ma- 
lignant schwannoma”  and  “neurofibrosarcoma” 
have  been  applied  to  primary  malignant  tumors 
of  peripheral  nerve,  the  use  of  such  histologically 
specific  terms  is  inappropriate.  In  an  effort  to  be 
all  inclusive,  we  use  the  noncommittal  designa- 
tion malignant  peripheral  nerve  sheath  tumor. 

Given  the  complex  structure  of  peripheral 
nerve,  a meaningful  discussion  of  MPNST  must 
take  into  consideration  the  compartmental  anat- 
omy of  nerve.  Perineurium  as  well  as  endoneur- 
ium,  with  its  high  content  of  Schwann  cells,  are 


clearly  indigenous  to  nerve.  The  same  is  not  true 
of  epineurium,  the  elements  of  which  are  com- 
mon to  all  soft  tissues.  We  therefore  exclude  from 
the  category  of  MPNST  any  sarcoma  involving 
only  epineurium  but  sparing  nerve  fascicles. 
Since  epineurial  fibrous  tissue  is  contiguous 
with  surrounding  connective  tissue,  malignant 
neoplasms  involving  only  this  portion  of  the 
nerve  sheath  may  have  arisen  in  extraneural 
soft  tissue.  Epineurial  tumors  are  thus  grouped 
among  extrinsic,  soft  tissue  tumors  secondarily 
affecting  peripheral  nerve.  Although,  as  a man- 
ifestation of  metaplastic  change,  angiosarcoma 
has  been  described  as  a component  of  MPNST 
and  of  neurofibroma,  we  do  not  regard  as 
MPNST  those  pure  angiosarcomas  arising  in 
peripheral  nerve  vasculature. 

MALIGNANT  PERIPHERAL  NERVE 
SHEATH  TUMOR  (MPNST) 

Definition.  This  category  includes  any  ma- 
lignant tumor  arising  from  or  differentiating 
toward  cells  intrinsic  to  peripheral  nerve  sheath. 
These  tumors  are  also  termed  neurogenic  sar- 
coma, neurofibrosarcoma,  and  malignant  schwan- 
noma. Excluded  are  tumors  of  epineurial  soft 
tissue  and  endothelial  tumors  originating  from 
peripheral  nerve  vasculature. 

General  Comments.  MPNSTs  comprise  ap- 
proximately 5 percent  of  all  malignant  soft  tissue 
tumors  (56)  and  have  a varied  origin.  Most  are 
derived  from  neurofibromas  or  arise  de  novo  in 
normal  peripheral  nerves  ( 18,44).  Extremely  rare 
examples  arise  in  schwannoma  (97),  ganglio- 
neuroma/ganglioneuroblastoma  (73),  or  pheo- 
chromocytoma  (62,65,74).  Although  a majority  of 
MPNSTs  show  some  evidence  of  Schwann  cell 
differentiation,  a significant  proportion  are  so 
anaplastic  as  to  preclude  the  assessment  of  dif- 
ferentiation. Cells  in  a small  minority  of 
MPNSTs  have  the  features  of  fibroblasts  or  peri- 
neurial cells  (40,42).  To  be  all  inclusive,  there- 
fore, it  is  necessary  to  use  the  noncommittal 
designation  MPNST  as  opposed  to  the  more  re- 
strictive synonyms  noted  above. 
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Figure  11-1 

POSTRADIATION  MPNST 
Arising  at  the  base  of  a finger, 
now  amputated,  this  tumor  under- 
went intraneural  spread  to  form  a 
mass  at  the  wrist.  Thereafter,  con- 
tinued extensive  proximal  growth 
within  the  median  nerve  required 
an  amputation. 


Since  MPNSTs  often  closely  resemble  non- 
neural  soft  tissue  tumors,  morphologic  features 
alone  may  not  permit  their  recognition.  As  a 
result,  several  diagnostic  guidelines  have  been 
formulated. 

Widely  accepted  criteria  for  a diagnosis  of 
MPNST  require  that  the  tumor  conform  to  one 
of  the  following:  1)  arises  within  a peripheral 
nerve;  2)  arises  in  transition  from  a benign  or 
other  malignant  peripheral  nerve  tumor  (neuro- 
fibroma, schwannoma,  ganglioneuroma/ ganglio- 
neuroblastoma,  or  pheochromocytoma);  3)  devel- 
ops in  a patient  with  NF1  (von  Recklinghausen’s 
disease)  and  exhibits  the  same  histologic  fea- 
tures as  do  a majority  of  MPNSTs  arising  from 
nerves;  or  4)  develops  in  a patient  without  NF1, 
but  exhibits  the  same  histologic  features  as  do 
most  MPNSTs  and  shows  either  or  both  immuno- 
histochemical  and  ultrastructural  features  of 
Schwann  or  perineurial  cell  differentiation.  The 
clinical  and  pathologic  characteristics  of  those 
few  MPNSTs  arising  from  schwannoma,  ganglio- 
neuroma, ganglioneuroblastoma,  or  pheochromo- 
cytoma differ  significantly  from  the  more  conven- 
tional MPNSTs.  As  a result  they  will  be 
separately  discussed  as  MPNST  variants. 

Clinical  Features.  Most  MPNSTs  affect 
adults  from  20  to  50  years  of  age  and  show  a slight 
female  predominance.  The  tumor  may  also  pres- 
ent in  childhood  and  adolescence  (17,59);  in  one 
large  series  (17),  this  represented  about  13  per- 
cent of  the  cases.  Patients  rarely  present  before 
the  age  of  6 years  ( 1 ).  Between  50  and  60  percent 


of  MPNSTs  occur  in  patients  with  NF1  (18, 
44,50,78).  In  two  large  series,  the  mean  age  of 
MPNST  patients  with  and  without  this  inherited 
disorder  was  28  and  36  years  compared  to  40  and 
44  years,  respectively  (18,44).  NF1  predisposes 
to  the  development  of  MPNST.  Reports  of  the 
incidence  with  which  this  occurs  vary  from  2 
percent  (10-12)  to  as  high  as  16  (70)  and  29 
percent  (43);  the  latter  estimates  appear  heavily 
biased  by  selection  factors.  In  the  Mayo  Clinic 
experience,  the  incidence  was  4.6  percent  (18), 
whereas  in  a study  of  a nationwide  cohort  of  212 
Danish  patients  with  NF1  followed  for  39  years, 
Sorensen  et  al.  ( 79)  found  a lower  incidence  of  1.9 
percent.  In  contrast,  the  reported  incidence  of 
MPNST  in  the  general  population  is  0.0001  per- 
cent (18).  Although  rare,  examples  of  multiple 
MPNSTs  have  been  described  (50,51,54);  all 
have  occurred  in  the  setting  of  NF1. 

In  addition  to  hereditary  factors,  ionizing  ra- 
diation due  to  therapeutic  or  occupational  expo- 
sure (fig.  11-1)  may  contribute  to  the  develop- 
ment of  up  to  11  percent  of  all  MPNSTs  (16,28, 
154)  and  20  percent  of  paraspinous  examples 
(50).  Foley  et  al.  (28)  found  the  mean  latency 
period  between  irradiation  and  clinical  presen- 
tation of  the  MPNST  to  be  18.1  years  (range,  4 
to  41  years),  while  for  Ducatman  and 
Scheithauer  (16)  it  was  15.6  years  (range,  5 to  26 
years).  Exposure  to  chemical  carcinogens,  al- 
though a factor  in  experimental  MPNST  induc- 
tion (9,25,49),  has  not  been  shown  to  play  a role 
in  human  cases. 
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Figure  11-2 
MPNST 

This  small  example,  arising  in 
and  limited  to  a plantar  nerve,  is 
fusiform  in  shape  and  displaces 
surrounding  soft  tissue. 


Localization.  Large  and  medium-sized 
nerves  are  distinctly  more  prone  to  involvement 
than  small  nerves.  Common  sites  of  origin  include 
the  buttock  and  thigh,  brachial  plexus  and  upper 
arm,  and  paraspinal  nerves.  The  sciatic  nerve  is 
the  most  frequently  affected.  MPNSTs  of  cranial 
nerves  are  uncommon,  the  trigeminal  being  the 
most  often  involved  (98),  followed  by  the  acoustic 
nerve  (5,34,52,58,66).  With  the  exception  of  one 
trigeminal  nerve  tumor  showing  unequivocal 
histologic  evidence  of  origin  from  a schwannoma 
(29,97),  MPNSTs  of  cranial  nerves  appear  to 
arise  de  novo.  A single  example  of  intracerebral 
MPNST  has  also  been  reported  (80).  Visceral 
MPNSTs  are  rare,  usually  occurring  in  the  set- 
ting of  NF1,  and  often  associated  with  multiple 
neurofibromas,  from  which  they  appear  to  arise 
by  malignant  transformation  (55).  Most  reported 
examples  either  antedate  immunohistochemis- 
try  or  lack  support  of  this  method  or  ultrastruc- 
tural  evidence;  this  is  a problem,  given  the  occur- 
rence of  other  spindle  cell  neoplasms  in  the  gut 
(see  Differential  Diagnosis). 

Gross  Findings.  The  gross  appearance  of 
MPNST  varies,  depending  upon  whether  the 
tumor  involves  a large  nerve  (figs.  11-2-11-4), 
evolves  from  a neurofibroma  of  solitary  (fig.  11-5) 
or  plexiform  type  (fig.  11-6),  or  presents  with  no 
grossly  visible  evidence  of  either  origin  (fig.  11- 
7).  The  frequency  with  which  a coexisting  neuro- 
fibroma is  found  varies  among  patients  with  and 
without  NF1;  in  one  large  series  the  respective 
rates  were  81  percent  and  41  percent  (18).  In 


practice,  a coexisting  neurofibroma  is  far  more 
often  microscopically  than  grossly  apparent.  Re- 
gardless of  the  setting  in  which  they  occur,  the 
majority  of  MPNSTs  exceed  5 cm  in  greatest 
dimension  (18,44).  Those  arising  from  nerve 
roots  or  major  nerves  are  often  fusiform  (figs. 
11-2,  11-3)  but  some  do  grow  eccentrically  from 
the  parent  nerve  to  assume  a globoid  configura- 
tion (fig.  11-4).  A globular  growth  pattern  also 
characterizes  the  majority  of  MPNSTs  unassoci- 
ated with  a neurofibroma  or  a visible  nerve  (fig. 
11-7).  MPNSTs  that  arise  within  plexiform  neu- 
rofibromas may  be  grossly  inapparent  or  multi- 
focal. Thorough  sectioning  of  all  plexiform  neu- 
rofibromas is  therefore  recommended. 

Most  MPNSTs  are  surrounded  by  a fibrous 
pseudocapsule  of  varying  thickness  formed  by 
compaction  and  invasion  of  surrounding  soft  tis- 
sues as  well  as  by  accompanying  reactive  fibrosis 
(figs.  11-3,  11-4,  11-7).  Unlike  the  soft,  translu- 
cent character  of  neurofibromas,  the  cut  surface 
of  a MPNST  is  usually  firm,  gray-tan,  and 
opaque  (figs.  11-3-11-7).  Areas  of  necrosis  are 
grossly  apparent  in  approximately  60  percent  of 
cases  (figs.  11-3,  11-4,  11-7)  (44).  Active  bone 
destruction  maybe  observed  (fig.  11-8).  Although 
irregular  margins  and  lack  of  homogeneity  on 
computerized  tomography  (CT)  and  magnetic 
resonance  imaging  ( MRI ) scans  are  features  sug- 
gestive of  malignancy  (fig.  11-9,  left),  their  occa- 
sional absence  (fig.  11-9,  right)  makes  a signifi- 
cant proportion  of  MPNSTs  indistinguishable 
from  benign  nerve  sheath  tumors  (see  figs.  7-6, 
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Figure  11-3 
MPNST 

This  fusiform  to  globoid  sciatic  nerve 
tumor  ( top ) arose  in  a plexiform  neurofibroma 
just  proximal  to  the  bifurcation  in  the  popli- 
teal fossa.  Invasion  of  perineural  soft  tissue, 
skeletal  muscle  in  this  case,  contributes  to  the 
formation  of  a pseudocapsule.  On  cut  section 
(bottom),  the  tumor  shows  extensive  necrosis. 
This  example  arose  in  the  setting  of  NF1. 


Figure  11-4 
MPNST 

'I 'his  cross-sectioned  sciatic  nerve  tumor  is  homogeneous  and  firm  (A).  The  surrounding  pseudocapsule  consists  of 
hromuscular  tissue  in  part  infiltrated  by  tumor.  Yet  another  example  of  a more  globular  MPNST  (B)  cut  in  longitudinal  section 
shows  it  to  be  eccentric  to  the  originating  sciatic  nerve.  The  fleshy  partially  necrotic  lesion  possesses  a pseudocapsule  which 
has  been  sharp-dissected  from  surrounding  connective  tissues.  Note  residual  infiltrated  skeletal  muscle.  Microsections  of  such 
a pseudocapsule  (C)  often  show  infiltration  of  skeletal  muscle. 
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8-8,  8-9,  8-18).  As  a rule,  MPNSTs  lack  the  “tar- 
get sign”  so  typical  of  localized  intraneural  neu- 
rofibroma (5a). 

Sampling  of  soft  tissue  tumors  suspected  of 
being  MPNSTs  should  be  thorough  in  order  to 
identify  an  associated  nerve  or  neurofibroma,  to 
determine  the  presence  of  heterologous  elements, 
and  to  establish  an  accurate  histologic  grade.  We 
suggest  at  least  one  section  per  centimeter  of  great- 
est tumor  dimension.  Given  the  tendency  of 
MPNSTs  arising  in  sizable  nerves  to  undergo  in- 
traneural extension  (figs.  11-1,  11-10,  11-16),  it  is 
imperative  at  the  time  of  surgery  to  undertake 
frozen  section  assessment  of  proximal  and  distal 
nerve  margins.  Spread  within  nerves  should  par- 
ticularly be  sought  in  paraspinous  tumors  (50).  Of 
the  25  cases  of  Kourea  et  al.  (50),  10  tumors 
encroached  upon  the  spinal  column:  4 exhibited 
vertebral  body  involvement,  2 reached  a vertebral 
foramen  by  proximal  extension  along  nerve  root,  2 
had  epidural  involvement  with  or  without  spinal 
cord  compression,  and  2 extended  intradurally. 
Intradural  paraspinal  extension  by  MPNST  has 
also  been  described  by  others  (76a, 93). 

Microscopic  Findings.  The  histologic  spec- 
trum of  MPNSTs  is  more  varied  than  that  of  any 
other  soft  tissue  tumor  (figs.  11-11-11-14).  Fur- 
thermore, their  neural  nature  generally  cannot 
be  proven  on  conventionally  stained  material. 
The  diagnosis  thus  rests  on  identifying  one  or 
more  of  the  features  listed  in  the  general  com- 
ment section  above.  Diagnostically  helpful  find- 
ings include  an  origin  from  nerve,  intraneural 
(intrafascicular)  spread  within  or  beyond  the 
main  tumor  mass,  involvement  of  a ganglion, 
and  identification  of  an  associated  solitary  or 
plexiform  neurofibroma. 

Most  MPNSTs  are  highly  cellular,  spindle  cell 
proliferations  (fig.  11-11A,B).  Infrequently,  bun- 
dles of  such  cells  may  show  striking  variation  in 
cell  density,  imparting  a “tapestry”  appearance 
(44,50).  The  elongate  tumor  cells  often  feature 
hyperchromatic  nuclei,  are  mitotically  active,  and 
possess  moderate  amounts  of  faintly  eosinophilic 
cytoplasm.  Nuclei  generally  have  rounded  or  ta- 
pered ends,  but  are  not  blunt  (fig.  11-15).  In  less 
cellular  areas,  they  sometimes  have  a wavy  con- 
tour. Although  most  MPNSTs  closely  resemble 
fibrosarcoma,  large,  pleomorphic,  and  often  multi- 
nucleated  tumor  cells  are  found  in  about  one  third 
of  the  tumors  (44),  an  appearance  sometimes  con- 


Figure  11-5 

MPNST  ARISING  IN  NEUROFIBROMA 
These  gross  (top)  and  whole  mount  sections  (bottom)  show 
the  transition  from  neurofibroma  to  sarcoma  to  be  abrupt. 


fused  with  that  of  pleomorphic  malignant  fibrous 
histiocytoma  ( fig.  11-11D).  Tumors  with  only  minor 
nuclear  atypia,  a small  cell  component,  and  epithe- 
lioid cells  may  also  be  seen  (fig.  11-13).  In  addition 
to  an  often  dominant,  cellular,  fibrosarcoma-like 
growth  pattern,  less  cellular  areas  may  feature  a 
fibrous  or  myxoid  stroma  (fig.  11-13F).  Infre- 
quently, tumor  cells  are  arranged  in  a storiform 
pattern  (fig.  11- HE),  as  loose  whorls  mimicking 
“tactile  differentiation”  (fig.  11-14),  or  in  curlicues. 
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Figure  11-6 

MPNST  ARISING  IN  A PLEXIFORM  NEUROFIBROMA 
Left:  This  extensive  NF1 -associated  facial  lesion  (top) 
showed  a firm,  lobular,  and  rather  demarcated  MPNST  deep 
within  its  substance  (bottom). 

Right:  This  unusual  example  from  a 17-year-old  female  with 
NFl  presented  as  one  large  nodule  in  a vagus  nerve  containing 
numerous  smaller  neurofibromas  (top).  The  sympathetic  chain 
(smaller  specimen)  also  contained  a neurofibroma.  In  yet  an- 
other case  (bottom),  the  MPNST  involved  numerous  plexi- 
form  nerve  branches. 


Nuclear  palisading  is  very  uncommon  (fig.  11- 
13C).  Perivascular  crowding  of  tumor  cells  is  often 
seen  in  myxoid  or  edematous  tumors  (fig.  11-12D). 
Highly  vascular  lesions  may  focally  resemble 
hemangiopericytoma  ( 88),  but  the  pattern  is  rarely 
extensive  ( fig.  11-13D ).  Approximately  5 percent  of 
MPNSTs  are  epithelioid  in  nature.  Yet  another  15 
percent  (17)  exhibit  an  array  of  heterologous  mes- 
enchymal rhabdomyoblasts,  benign  or  malignant 
cartilage  and  bone,  or  epithelial  glandular,  squa- 
mous, or  neuroendocrine  elements.  Such  special 
variants  are  separately  discussed  later. 


Most  MPNSTs  are  high-grade  tumors  in  which 
mitotic  figures  are  usually  readily  identified  (fig. 
11-15)  and  may  be  abnormal.  In  the  majority  of 
cases  a mitotic  index  of  at  least  4 per  10  high-power 
fields  is  seen.  Areas  of  geographic  necrosis  with  or 
without  pseudopalisading  are  seen  in  approxi- 
mately two  thirds  of  cases  (fig.  11-12A,B)  (44). 
Geographic  necrosis  is  found  with  equal  frequency 
in  tumors  associated  with  NFl  (70  percent)  and 
those  occurring  sporadically  (65  percent)  (44). 
Pattern  variation  typifies  MPNST  (fig.  11- 
12C,D).  In  addition  to  direct  soft  tissue  spread, 
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Figure  11-7 
MPNST 

Some  tumors,  such  as  this  paraspinous  example,  are 
grossly  unassociated  with  a recognizable  nerve.  Their  recog- 
nition as  MPNST  is  aided  by  knowledge  of  an  association  with 
neurofibromatosis,  histologic  evidence  of  an  origin  in  neurofi- 
broma, or  by  immunohistochemical  or  ultrastructural  evidence 
of  nerve  sheath  differentiation. 

there  may  be  intraneural  extension  (figs.  11-1, 
11-10,  11-16A,B)  and  vascular  (fig.  11-160  or 
osseous  invasion  (fig.  11-16D). 

Only  a small  proportion  of  MPNSTs,  15  per- 
cent in  one  large  series  (18),  are  low-grade  tu- 
mors. These  are  less  cellular  than  high-grade 
lesions,  contain  fewer  hyperchromatic  cells  dis- 
tributed in  a variably  collagenized  stroma,  and 
often  show  gradual  transition  to  residual  neuro- 
fibroma. Mitotic  figures  are  infrequent  or  rare 
and  tumor  necrosis  is  lacking. 

Low-Grade  MPNST — Minimal  Diagnos- 
tic Criteria.  The  distinction  of  neurofibromas 
with  varying  degrees  of  atypia  from  MPNST  is 
often  difficult  (fig.  11-17).  Authoritative  textbooks 
(19,26)  necessarily  skirt  the  issue  of  what  consti- 
tute minimal  criteria  of  low-grade  MPNST,  be  the 
tumors  neurofibroma  derived  or  de  novo  in  occur- 
rence. To  date,  no  correlative  morphologic-prog- 
nostic studies  have  specifically  addressed  the 
issue.  The  problem  is  compounded  by  the  fact  that 
transformation  of  neurofibroma  to  MPNST  may  be 
a focal  finding  in  an  otherwise  benign,  readily 
resected  lesion,  and  inadequate  sampling  of  os- 
tensibly low-grade  tumors  may  preclude  identi- 
fication of  high-grade,  prognostically  significant 
elements.  In  the  setting  of  a cellular  or  mildly 


Figure  11-8 

BONE  INVOLVEMENT  IN  MPNST 

Frank  bone  (rib)  destruction,  as  seen  in  a gross  specimen 
of  a chest  wall  MPNST  (top ) and  in  a specimen  X ray  of  a sacral 
example  (bottom)  may  be  a presenting  feature.  The  same  is 
also  true  of  soft  tissue  sarcomas. 

atypical  neurofibroma,  a distinction  between  be- 
nignancy  and  malignancy  that  rests  entirely  on  the 
finding  of  any  mitoses,  however  scarce  (26),  ap- 
pears to  us  to  be  an  overstatement.  Those  MPNSTs 
arising  in  transition  from  plexiform  neurofibroma 
pose  a particular  problem,  because  anticipation  of 
malignant  change  runs  high  in  large  examples, 
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Figure  11-10 
MPNST 

Left:  Examination  of  nerve  margins  is  imperative  since  fascicles  may  be  variably  involved  by  permeating  tumor  cells.  (Fig. 
3.448  from  Okazaki  H,  Scheithauer  BW.  Atlas  of  neuropathology,  1988.  With  permission  from  the  Mayo  Foundation.) 

Right:  In  such  cases,  the  intact  perineurium,  here  seen  on  EMA  stain,  seems  to  retard  extrafascicular  spread. 
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Figure  11-11 

MPNST:  BASIC  CYTOLOGIC  FEATURES 
The  majority  of  MPNSTs  are  composed  of  spindle  cells 
disposed  in  sweeping  fascicles  (A).  MPNST  cells  are  also 
disposed  as  stiff,  straight  cells  arrayed  in  herringbone  pattern 
(B).  A minority  are  patternless  and  consist  of  crowded, 
monomorphous  cells  without  discernible  processes  (C),  ex- 
hibit marked  pleomorphism,  as  in  this  postradiation  example 
( D ),  or  show  a storiform  pattern  (E). 
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Figure  11-12 

MPNST:  BASIC  HISTOLOGIC  PATTERNS 
Common  features  include  geographic  palisading  necrosis 
(A),  diffuse  necrosis  with  perivascular  sparing  of  tumor  cell 
cuffs  (B),  abrupt  variation  in  cellularity  and  tissue  pattern 
(C),  condensation  of  tumor  cells  about  vessels  (D),  and 
patchy  hyalinization  (E). 
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Figure  11-13 

MPNST:  UNUSUAL  CYTOLOGIC  AND  HISTOLOGIC  FEATURES 
These  include  relative  lack  of  significant  cytologic  atypia  in  an  obvious  high  grade  lesion  (A),  round  nuclei  and  scant 
cytoplasm  mimicking  primitive  neuroectodermal  tumor  (B),  and  a distinctly  rare  nuclear  palisading  (C).  Unusual  MPNST 
cytologic  and  histologic  features  also  include  hemangiopericytoma-like  vasculature  (D),  the  occurrence  of  giant  cell  patterns 
(E),  and  an  appearance  reminiscent  of  a tissue  culture  preparation  (F). 
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Figure  11-14 
MPNST 

The  formation  of  whorls,  a very  unusual  Finding,  should 
not  be  misinterpreted  as  tactile  differentiation  in  MPNST. 
Unlike  pacinian  corpuscles,  such  whorls  are  generally  S-100 
protein  immunoreactive  and  lack  staining  for  epithelial 
membrane  antigen  (see  also  Fig.  11-20). 

and  sarcomatous  foci  may  be  either  focal  and  lim- 
ited or  multifocal.  We  do  not  agree  with  those  who 
simply  state  that  the  presence  of  mitotic  figures  in 
plexiform  tumors  is  indicative  of  malignant 
change  (19).  We  distinguish  low-grade  MPNST 
from  “cellular  neurofibroma'”  by  a triad  of  find- 
ings: 1)  definite  cell  crowding,  2)  general  nuclear 
enlargement  (at  least  three  times  the  size  of  ordi- 
nary neurofibroma  nuclei),  and  3)  hyperchroma- 
sia.  In  the  absence  of  these  features,  we  accept  low 
level  mitotic  activity  in  cellular  neurofibroma,  a 
lesion  discussed  in  chapter  8 (fig.  11-170  (see 
fig.  8-33)  (56a),  hence  the  finding  of  rare  mitoses 
must  not  be  overinterpreted  as  evidence  of  ma- 
lignancy, particularly  in  young  patients. 

Unlike  cellular  neurofibroma  and  low-grade 
MPNST,  atypical  neurofibromas  often  lack  sig- 


Figure 11-15 
MPNST 

The  majority  of  spindle  cell  MPNSTs  show  nuclei  that 
are  tapered  and  exhibit  a high  mitotic  index. 


nificant  cellularity  but  contain  scattered  pleomor- 
phic neurofibroma  cells  with  bizarre,  often  hyper- 
chromatic  nuclei  (see  fig.  8-32)  (96).  Such  pleo- 
morphic cells  have  a degenerative  appearance 
and  may  feature  nuclear-cytoplasmic  pseudo- 
inclusions. There  is  at  present  no  evidence  that 
such  cytologic  atypia  is,  in  and  of  itself,  an  indica- 
tion of  malignant  change.  We  have  seen  similar 
cytologic  features  not  only  in  radiated  neurofibro- 
mas ( 28 ) but  in  normal  nerve  subject  to  incidental 
radiotherapy  (fig.  11-18).  Atypical  neurofibromas 
were  previously  discussed  in  chapter  8. 

Immunohistochemical  Findings.  Staining 
for  S-100  protein  is  a sensitive  but  nonspecific 
marker  of  nerve  sheath  tumors.  Currently,  there 
are  no  specific  markers  of  benign  Schwann  cell 
neoplasms  or  of  MPNSTs,  either  with  or  without 
heterologous  elements.  It  has  been  reported  that 
between  30  to  67  percent  of  MPNSTs  contain 
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Figure  11-16 
MPNST 

Tumor  spread  by  direct  soft  tissue  extension  (see  fig.  11-4)  is  more  commonly  encountered  than  either  distant  intraneural 
extension  (A  - cross  section,  B - longitudinal  section;  see  also  figs. 11-1  and  11-10)  or  vascular  invasion  (C),  despite  the  fact  that 
vessel  invasion  is  considered  prerequisite  to  metastasis.  Bone  invasion,  here  seen  as  permeation  of  trabeculae  (D),  may  also 
be  seen. 
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Figure  11-17 

MPNST:  TRANSITION  FROM  NEUROFIBROMA 

cellular 'neurofibmm^llii^KoiviPNST^noTiDlE  'to  Xmedtete^Ste  CF™8  fr°m  neUrofibroma  (Al  throu«h  '"'reasingly 
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Figure  11-17  (Continued) 

Criteria  for  transformation  of  neurofibroma  to  MPNST.  We  do  not  consider  the  finding  of  a rare  mitotic  figure  in  a 
normocellular  neurofibroma  with  cytologic  atypia  to  represent  MPNST.  Instead,  we  require  the  finding  of  hypercellularity, 
uniform  nuclear  enlargement,  and  hyperchromasia.  Mitotic  figures  may  or  may  not  be  present. 
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Figure  11-18 

RADIATION-INDUCED  EFFECT 
UPON  PERIPHERAL  NERVE 
This  axillary  nerve,  a part  of  the  brachial  plexus  subject 
to  radiotherapy  for  breast  carcinoma,  shows  not  only  exten- 
sive perineural  and  endoneurial  fibrosis  (A, B,  trichrome ) but 
loss  of  myelin  (C,  Luxol-fast  blue)  and  axons  (D,  neurofila- 
ment protein)  as  well  as  nuclear  atypia  of  Schwann  cells. 
When  seen  in  the  setting  of  a previously  radiation-treated 
MPNST  (E),  such  atypical  cells  might  be  confused  with 
permeative  sarcoma.  We  find  such  irradiation-affected  non- 
neoplastic cells  to  lack  proliferative  activity  in  terms  of 
mitoses  and  proliferation  marker  labeling. 
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variable  numbers  of  S-100  protein-immunoreac- 
tive  cells  (13,20,32,37,46,92).  When  present 
their  staining  is  usually  scattered  or  patchy  (figs. 
11-19B,C).  Whereas  one  study  of  four  MPNSTs 
(35)  found  S-100  protein  alpha  subunits  to  be 
preferentially  expressed,  another  (47)  reported 
an  example  expressing  both  alpha  and  beta 
forms.  Thus,  we  consider  polyclonal  antisera 
which  detect  both  forms  of  S-100  protein  to  be  of 
greatest  diagnostic  utility.  Although  the  fre- 
quency and  intensity  of  S-100  protein  staining 
does  not  correlate  well  with  the  histologic  pat- 
tern of  an  MPNST  of  conventional  type,  we  gen- 
erally find  staining  to  be  most  widespread  in  the 
uncommon  low-grade  examples  (fig.  11-19A). 
MPNSTs  may  also  show  variable  immunoreac- 
tivity  for  Leu-7  (fig.  11-19D)  (46,94).  Depending 
upon  their  degree  of  differentiation,  MPNSTs 
may  also  stain  for  the  basement  membrane  com- 
ponents such  as  collagen  type  4 and  laminin  (fig. 
11-  19E ) ( 7a, 68).  As  a rule,  staining  is  minor  when 
compared  to  neurofibroma  (7a)  and  particularly 
schwannoma.  Although  most  MPNSTs  are  glial 
fibrillary  acidic  protein  (GFAP)  negative,  limited 
staining  may  be  seen  in  occasional  cells  of  low- 
grade,  better  differentiated  tumors  (fig.  11-19F) 
(31,32,46).  Epithelial  membrane  antigen  (EMA) 
reactivity  in  MPNST,  other  than  in  MPNST  with 
glandular  differentiation  (see  below),  is  rare  and 
suggests  perineurial  differentiation  (fig.  11-20) 
(37,39 — 41 ).  Virtually  all  soft  tissue  tumors,  in- 
cluding MPNSTs,  are  vimentin  positive  (31,32). 
As  a result,  reactivity  for  this  substance  serves 
as  little  more  than  evidence  of  tissue  im- 
munoviability.  Although  it  might  be  argued  that 
MPNSTs  showing  only  vimentin  reactivity  are 
simply  fibrosarcomas,  their  frequent  intrafascicu- 
lar  growth  and  spread,  vague  schwannian  cytol- 
ogy, and  occasional  ultrastructural  demonstra- 
tion of  at  least  some  Schwann  cell  features, 
places  them  squarely  in  the  MPNST  spectrum. 

In  addition  to  the  above-noted,  commonly  en- 
countered antigens,  MPNSTs  may  also  stain  for 
myelin  basic  protein  (94)  and  nerve  growth  fac- 
tor receptor  (99). 

When  MPNSTs  show  no  association  with  a 
nerve  or  a neurofibroma,  immunohistochemis- 
try  plays  an  important  role  in  diagnosis.  In  keep- 
ing with  the  observations  of  Wick  et  al.  (94)  and 
Swanson  et  al.  (83),  both  of  whom  advocate  a 
battery  approach,  employing  antisera  to  S-100 


protein  and  Leu- 7 maximizes  the  identification 
of  MPNST.  Given  the  low  frequency  with  which 
myelin  basic  protein,  GFAP,  and  EMA  staining 
are  observed  in  MPNST,  we  do  not  recommend 
their  routine  application. 

Ultrastructural  Findings.  The  fine  struc- 
tural features  of  MPNST  reflect  the  type  and  de- 
gree of  differentiation  of  the  constituent  cells 
(figs.  11-21-11-24)  (8,15,22,24,37-40,85,89).  Un- 
like benign  PNSTs  in  which  the  cells  are  consis- 
tently well  differentiated,  those  in  the  majority 
of  MPNSTs  are  undifferentiated,  and  electron 
microscopy  is  of  no  diagnostic  value.  In  the  next 
largest  group  of  MPNSTs,  the  tumor  cells  are 
largely  undifferentiated  but  feature  inconspicuous 
cytoplasmic  processes,  rudimentary  cell  junctions, 
and  wisps  of  basement  membrane  substance 
within  the  intercellular  space,  the  only  features 
suggesting  Schwann  cell  differentiation  (figs.  11- 
22,  11-23).  A small  proportion  of  MPNSTs  exhibit 
convincing  ultrastructural  features  of  Schwann 
cell  differentiation  (fig.  11-21):  arrays  of  relatively 
thick,  occasionally  intersecting  cytoplasmic  pro- 
cesses joined  by  varying  numbers  of  rudimentary 
cell  junctions  and  coated  on  their  free  surfaces  by 
a discontinuous  basement  membrane.  In  addition 
to  the  usual  cytoplasmic  organelles,  intermediate 
filaments  and  microtubules  may  be  seen. 

Other  than  tumors  showing  Schwami  cell  dif- 
ferentiation, a small  n umber  of  MPNSTs  are  com- 
posed of  cells  with  fine  structural  features  of  other 
nerve  sheath  constituents,  specifically  perineurial 
cells  (fig.  11-24)  and  fibroblasts.  Hirose  et  al. 
(41,42)  have  reported  a small  number  of  malig- 
nant soft  tissue  tumors  exhibiting  perineurial  cell 
differentiation.  The  tumor  cells  expressed  EMA, 
lacked  staining  for  S-100  protein  and  Leu-7,  and 
in  most  instances  ultrastructurally  demonstrated 
interdigitating  cytoplasmic  processes  with  surface 
pinocytotic  vesicles,  discontinuous  basement 
membrane,  and  “primitive”  cell  junctions  (fig.  11- 
24).  Lastly,  rare  malignant  spindle  cell  tumors 
originating  in  a major  nerve  are  composed  of  cells 
with  well-developed  rough  endoplasmic  reticu- 
lum, a feature  of  fibroblastic  differentiation. 

Cytogenetics.  MPNSTs  are  characterized  by 
complex  numerical  and  structural  karyotypic 
changes,  such  as  loss  of  chromosomal  material 
and  recombinations  that  lack  consistency  from 
case  to  case  (45,61,72).  At  present  there  are 
about  37  cytogenetically  studied  cases  (2,3,14,27, 
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Figure  11-19 

MPNST:  IMMUNOPROFILE 

Although  staining  for  S-100  protein  is  present  in  only  half  of  conventional  MPNSTs,  it  represents  the  most  useful  marker 
of  nerve  sheath  differentiation.  Well-differentiated  lesions  may  show  extensive  staining  (A),  but  most  tumors  are  high  grade 
and  show  reactivity  in  only  scattered  cells  (B,C).  Some  high-grade  tumors  also  show  reactivity  in  a patchy  distribution  (D). 
Staining  for  Leu-7  (CD57)  is  also  of  diagnostic  value  (E).  GFAP  reactivity  is  rarely  seen,  even  in  low-grade  tumors  (F). 
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Figure  11-20 

MPNST  WITH  PERINEURIAL  CELL  FEATURES 

Occasional  MPNSTs  exhibit  perineurial  differentiation,  such  as  this  example  with  focal  whorl  formation  (A).  Yet  another 
example  (B,C)  illustrates  their  typical  EMAimmunoreactivity.  Their  perineurial  nature  is  also  apparent  on  ultrastructure  (see 
fig.  11-18).  (Courtesy  of  Dr.  T.  Hirose,  Tokushima,  Japan.) 
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Figure  11-21 

CONVENTIONAL  MPNST 

Spindle-shaped  tumor  cells  with  nuclei  of  varying  size  are  joined  by  scattered  rudimentary  cell  junctions  (arrow).  Note  the 
intercellular  basement  membrane  substance.  These  are  characteristic  diagnostic  ultrastructural  features  of  MPNST  (X7,500). 


Figure  11-22 

CONVENTIONAL  MPNST 

A cluster  of  obliquely  sectioned  cytoplasmic  processes  are  coated  by  a thin  basement  membrane  (arrow).  Diffuse  arrays 
of  fine  filaments  as  well  as  occasional  microtubules  (asterisk)  are  evident  in  the  cytoplasm  (X23,900). 
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Figure  11-23 

CONVENTIONAL  MPNST 
Cells  of  this  poorly  differen- 
tiated example  with  pleomor- 
phic nuclei  and  large  nucleoli 
have  foci  of  basement  mem- 
brane (arrows).  The  cells  are 
joined  by  scattered  rudimentary 
cell  junctions  (arrowhead).  The 
presence  of  basement  mem- 
brane and  cell  junctions  sup- 
ports a diagnosis  of  MPNST  in 
the  absence  of  structures  indi- 
cating another  type  of  sarcoma 
(X10,600). 


Figure  11-24 
MPNST  WITH 
PERINEURIAL  CELL 
DIFFERENTIATION 
This  cellular,  spindle  cell 
tumor  (see  fig.  11-20A)  which 
showed  EMA  immunoreactiv- 
ity  (fig.  11-20B),  has  the  ultra- 
structural  features  of  peri- 
neurial  cell  differentiation  as 
evidenced  by  thin  cytoplasmic 
processes  with  variable  num- 
bers of  pinocytotic  vesicles, 
discontinuous  basement  mem- 
brane, and  occasional  primi- 
tive junctions.  For  case  details 
see  reference  42.  (Courtesy  of 
Dr  T.  Hirose,  Saitama,  Japan.) 


30,45,61,71,72,87)  and  many  chromosomes  have 
been  found  to  be  affected.  Having  reviewed  the 
histologic  sections  of  one  reported  case  in  which 
an  identical  chromosome  22  rearrangement  was 
observed  in  four  tumors  located  on  the  leg  of  one 
patient  ( 27 ),  we  discount  this  case.  Each  of  the  four 


tumors  was  a benign  schwannoma.  Thus  the 
diagnosis  was  schwannomatosis,  not  MPNST. 
MPNSTs  often  have  chromosomal  numbers  in  the 
triploid  range  (45,61).  In  a study  of  8 tumors  and 
a review  of  20  others,  Mertens  et  al.  (61)  found  the 
most  frequently  affected  chromosomes  to  be  X,  1, 
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3,  6,  9,  11,  12,  13,  16,  and  17,  while  Jhanwar  et 
al.  (45),  in  a study  of  10  tumors,  found  preferen- 
tial involvement  of  chromosomes  X,  1,  11,  12,  14, 
17,  and  22.  In  the  latter  report,  chromosome  17 
was  said  to  be  affected  in  every  case.  Both  studies 
found  a frequent  loss  of  both  the  NF1  locus  (band 
17qll)  and  the  band  containing  the  tumor  sup- 
pressor gene  TP53  (17pl3).  Based  on  such  find- 
ings, it  has  been  suggested  that  functional  inac- 
tivation on  the  second  allele  of  both  the  NF1  and 
p53  genes  plays  a role  in  MPNST  tumorigenesis 
and  progression  (45,60). 

Molecular  Genetics.  Evidence  is  accumulat- 
ing that  a multi-step  mechanism  of  tumorigenesis 
is  required  for  MPNST  formation  ( 60).  The  first  of 
the  genetic  “hits”  appears  to  involve  a mutation  in 
one  or  both  copies  of  the  NF 1 gene,  thus  permitting 
neurofibroma  formation.  The  second  event  may  be 
a loss  of  one  or  both  copies  of  a tumor  suppressor 
gene  on  chromosome  17p.  That  the  latter  may  be 
the  p53  locus  is  suggested  by  the  finding  of  17p  loss 
or  deletion  in  nearly  all  malignant  and  in  no 
benign  PNSTs  and  the  occurrence  of  point  muta- 
tions in  exon  4 of  the  p53  gene  in  a significant 
proportion  of  MPNSTs  (60). 

Immunohistochemical  studies  support  the 
concept  that  p53  abnormalities  play  a role  in  the 
progression  of  neurofibroma  to  MPNST.  One 
study  (48)  found  that  65  percent  of  26  cases  of 
MPNST  stained  variably  (5  to  100  percent)  for 
p53,  while  none  of  24  benign  PNST  had  greater 
than  1 percent  reactivity  of  tumor  cells.  A recent 
study  of  28  MPNSTs  and  27  neurofibromas  re- 
ported similar  results:  57  percent  of  the  former 
and  only  4 percent  of  the  latter  showed  signifi- 
cant immunoreactivity  for  p53  protein  (33).  A 
slight  majority  of  patients  in  both  the  neurofi- 
broma and  MPNST  groups  had  NF1,  but  the 
presence  of  NF1  had  no  effect  upon  p53  immuno- 
reactivity. Two  of  3 radiation-induced  MPNSTs 
were  reactive  for  p53.  It  was  of  note  that  in  3 of 
7 cases  of  MPNST  in  which  an  accompanying 
neurofibroma  was  demonstrated,  no  significant 
p53  staining  was  evident  in  the  benign  compo- 
nent. A more  recent  study  of  plexiform  neurofi- 
bromas found  a 13  percent  frequency  of  p53 
staining  in  the  neurofibromatous  component  of 
MPNST- associated  tumors  (57). 

differential  Diagnosis.  Immunohistochemis- 
try  ( 3 'able  11-1 ) plays  a pivotal  role  in  the  differential 
diagnosis  of  MPNST. 


The  distinction  between  MPNST  and  cellular 
neurofibroma  was  discussed  and  illustrated 
above  (figs.  11-5,  11-6,  11-17).  Similarly,  their 
separation  from  cellular  schwannoma , another 
benign  nerve  sheath  tumor  entering  into  the 
differential  diagnosis,  is  discussed  in  chapter  7. 

In  the  absence  of  an  NF1  association,  gross  or 
microscopic  evidence  of  an  origin  in  neurofibroma, 
or  spread  within  nerve  fascicles,  a number  of  soft 
tissue  tumors  are  readily  confused  with  conven- 
tional MPNST.  These  include  monophasic  (spin- 
dle cell)  synovial  sarcoma,  leiomyosarcoma,  con- 
ventional fibrosarcoma,  myxofibrosarcoma 
( myxoid  malignant  fibrous  histiocytoma  [MFH] ), 
storiform-pleomorphic  fibrosarcoma  (storiform- 
pleomorphic  MFH),  and  spindle  cell  melanoma. 

The  monophasic  synovial  sarcoma  of  spindle 
cell  type  contains  more  closely  packed  cells  with 
plumper  nuclei  than  those  of  conventional 
MPNST.  Furthermore,  the  stroma  of  synovial 
sarcoma  typically  features  irregularly  distrib- 
uted, dense  collagen  bands  of  varying  thickness 
and  occasional  calcifications.  About  50  percent  of 
monophasic  synovial  sarcomas  contain  cells  ex- 
pressing cytokeratin  or  EMA;  such  cells  are  usu- 
ally lacking  in  conventional  MPNSTs  (69).  Since 
S-100  protein  staining  is  seen  in  about  one  fourth 
of  monophasic  synovial  sarcomas  (69),  it  is  not  a 
reliable  marker  for  distinguishing  this  tumor 
from  MPNST.  Ultrastructurally,  the  cells  of  most 
monophasic  synovial  sarcomas  differ  from  those 
of  MPNST  in  having  short  bipolar  processes, 
greater  numbers  of  intercellular  junctions,  occa- 
sional small  lumens  with  microvilli,  and  only 
inconspicuous  intercellular  spaces. 

In  contrast  to  the  cells  of  conventional 
MPNST,  those  of  leiomyosarcoma  have  blunt- 
ended  nuclei  and  more  abundant  eosinophilic 
cytoplasm.  The  latter  often  contains  longitudinal 
fibrils  which  are  red  in  trichrome  and  blue  in 
phosphotungstic  acid-hematoxylin  (PTAH) 
preparations.  Since  occasional  leiomyosarcomas 
express  S-100  protein  (84),  this  antibody  cannot 
be  entirely  relied  upon  to  make  the  distinction 
from  MPNST.  Instead,  appropriate  muscle  mark- 
ers should  be  applied. 

The  light  microscopic  herringbone  pattern  of 
some  MPNSTs  is  indistinguishable  on  hematox- 
ylin and  eosin  (H&E)  stain  from  that  of  conven- 
tional fibrosarcoma.  Fibrosarcomas,  however, 
lack  immunoreactivity  for  S-100  protein  and 
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Table  11-1 

IMMUNOHISTOCHEMISTRY  IN  THE  DIFFERENTIAL  DIAGNOSIS  OF  MPNST 


Schwan- 

noma 

Peri- 

neurioma 

MPNST 

Fibrosar- 

coma/MFH* 

Leiomyo- 

sarcoma 

Synovial 

Sarcoma 

Epithelioid 

Sarcoma 

Vimentin 

+ 

+ 

+ 

+ /+ 

+ 

+ 

+ 

Cytokeratin 

- 

- 

(glandular  +) 

- 

occ** 

bi-  and 

monophasic  +) 

+ 

Desmin 

- 

- 

(Triton  +) 

+ /- 

+ 

— 

GFAP 

20% 

- 

Rare 

- 

- 

- 

- 

Muscle  specific 
actin  HHF  35 

- 

- 

(Triton  +) 

+ /- 

+ 

- 

- 

HMB-45 

(melanotic  +) 

- 

— 

— 

— 

— 

— 

S-100  Protein 

>95% 

- 

50% 

- 

occ 

occ 

- 

Leu-7 

50-60% 

- 

30-40% 

- 

10-20% 

25-40% 

- 

Myelin  basic 
protein 

50% 

— 

10% 

— 

— 

_ 



EMA 

- 

+ 

(glandular 

differentiation) 

- 

- 

bi-  and 

monophasic  +) 

+ 

CEA 

- 

- 

- 

- 

- 

Glands  +/- 

- 

Chromogranin 

- 

- 

" 

- 

- 

- 

- 

Factor  VIII 

- 

- 

(angiosarcoma 

differentiation) 

- 

- 

- 

- 

CD34 

- 

+/- 

- 

- 

occ 

— 

+ 

CD68  (KP-1) 

+ 

+/- 

+/- 

-/+ 

- 

- 

- 

Laminin 
and  Collagen  4 

+ 

+ 

25-30% 

- 

+ 

10% 

10% 

*MFH,  malignant  fibrous  histiocytoma. 
**Occ,  occasional. 


Leu-7.  Ultrastructurally,  they  are  devoid  of  sur- 
face basement  membrane  and  show  far  greater 
development  of  rough  endoplasmic  reticulum. 
Rare  MPNSTs  may  contain  some  myxoid  stroma. 
These  same  features  distinguish  MPNSTs,  which 
rarely  show  myxoid  areas  but  more  often  contain 
pleomorphic  cells  or  some  cells  in  a storiform  ar- 
rangement, from  myxofibrosarcoma  and  stori- 
form-pleomorphic  fibrosarcoma.  In  both  these 
forms  of  fibrosarcoma,  the  cells  are  plumper  than 


those  of  MPNSTs,  which  only  rarely  show  the 
alternating  nodules  of  myxoid  and  cellular  tumor 
so  characteristic  of  myxofibrosarcoma. 

Because  both  tumors  are  commonly  S-100 
protein  positive,  distinction  from  melanoma  can 
be  especially  difficult.  Generally,  melanoma  cells 
are  more  pleomorphic  and  often  have  amphophi- 
lic cytoplasm,  prominent  nuclear  membranes 
and  nucleoli,  and  intranuclear  invaginations  of 
cytoplasm.  In  contrast  to  MPNSTs,  the  reaction 
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for  S-100  protein  is  strong  and  diffuse;  reaction 
for  HMB-45  and  A103  may  also  be  positive. 

MPNSTs  that  affect  the  gut  must  be  distin- 
guished from  gasti'ointestinal  stromal  tumors, 
particularly  the  more  often  NF1 -associated  sub- 
set termed  gastrointestinal  autonomic  nerve 
tumor  (GANT)  (21,23,36,53,63,64,74,75,90,91), 
a tumor  discussed  in  more  detail  in  chapter  13 
(page  394). 

Infrequently,  MPNSTs  exhibit  areas  resem- 
bling hemangiopericytoma  (fig.  11-13)  (88).  In 
our  experience  this  is  usually  a focal  feature,  and 
a more  conventional  spindle  cell  pattern  is  evi- 
dent in  other  sections.  The  only  example  of 
MPNST  we  have  seen  displaying  an  exclusively 
hemangiopericytoma  pattern  (see  fig.  11-13D) 
also  expressed  S-100  protein  and  showed  an 
intrafascicular  pattern  of  spread.  Since  base- 
ment membrane  substance  is  commonly  found 
in  both,  electron  microscopy  plays  no  significant 
role  in  the  distinction  of  hemangiopericytoma 
from  MPNST 

Irradiation-induced  atypia  also  deserves 
mention.  Therapeutic  irradiation  is  known  to 
affect  nerve:  the  classic  experimental  study  of 
Bergstrom  (4)  documented  edema,  myelin  disin- 
tegration, axonal  loss,  fibrosis,  and  proliferation 
of  Schwann  cells  and  fibroblasts.  Nuclear  and 
chromosomal  abnormalities  have  also  been  re- 
ported, even  in  association  with  doses  as  low  as 
200  rads  (7).  The  finding  of  scattered  cells  exhib- 
iting cytologic  atypia,  including  nuclear  enlarge- 
ment and  hyperchromasia,  in  an  irradiated 
nerve  should  not  be  overinterpreted  as  evidence 
of  malignant  change.  This  differential  is  less 
problematic  in  nerves  irradiated  for  non-neuro- 
genic  neoplasms  (see  fig.  11-18A-D)  than  in  the 
assessment  of  a possible  MPNST  recurrence  ( see 
fig.  11-18E).  Although  no  firm  criteria  permit  the 
distinction  of  irradiation-induced  atypia  in 
Schwann  cells  or  fibroblasts  from  isolated  resid- 
ual tumor  cells  or  recurrent  sarcoma,  we  have 
found  no  proliferative  activity  (mitoses,  Ki-67 
labeling)  in  cells  exhibiting  radiation-induced 
atypia.  Interestingly,  experimental  evidence 
suggests  that  radiation  doses  of  1,000  to  2,000 
rads  may  in  fact  impair  the  proliferative  capacity 
of  Schwann  cells  (7). 

Recurrence  and  Metastasis.  Rates  of  local 
tumor  recurrence  after  surgical  resection  have 
ranged  from  a low  of  40  percent  for  MPNSTs  of 


the  lower  extremity  and  buttock  (44),  to  68  per- 
cent for  paraspinal  tumors  (50).  For  tumors  at 
all  sites,  the  figure  ranges  from  42  (18)  to  54 
percent  (78).  There  is  conflicting  data  regarding 
the  frequency  of  local  recurrence  in  patients  with 
and  without  NF1  (18,50,78). 

Although  the  overall  rate  of  metastasis  for 
MPNSTs  ranges  from  28(18)  to  43  percent  (78),  a 
rate  as  high  as  65  percent  has  been  reported  for 
lesions  of  the  lower  extremity  and  buttock  (44)  as 
well  as  for  paraspinal  sites  (50).  Two  independent 
studies  found  a higher  rate  of  metastasis  in  pa- 
tients with  NF1  (35  percent)  as  opposed  to  those 
without  this  disorder  (16  percent)  (18,78).  This 
contrasts  with  two  other  studies  of  tumors  of  the 
buttock  and  lower  extremities  (44)  and  paraspinal 
areas  ( 50 ) which  found  no  significant  difference  in 
the  metastatic  rates  ( 65  and  68  percent)  for  the  two 
groups.  In  fact,  in  both  studies  the  metastatic  rate 
in  patients  without  NF1  was  slightly  higher  than 
that  for  those  with  NF1.  The  most  common  sites 
of  metastasis  are  lung  followed  by  bone,  pleura, 
soft  tissue,  liver,  and  brain. 

Treatment.  Surgical  resection  is  the  main- 
stay of  therapy  for  MPNST.  Although  the  type  of 
resection  will  vary  with  a lesion’s  anatomic  loca- 
tion (86),  wide  en  bloc  resection  is  the  procedure 
of  choice  for  tumors  involving  soft  tissues  (44). 
Postoperative  radiation  therapy  of  soft  tissue 
sarcomas  including  MPNST  has  led  to  a signifi- 
cant reduction  in  the  incidence  of  local  recur- 
rence (6,77,94a).  For  this  reason  it  is  recom- 
mended that  resection  be  followed  by  radiation 
therapy  to  the  tumor  bed  (94a. 95).  The  effect  of 
such  treatment  varies  in  different  series.  In  one 
recent  study,  adjuvant  irradiation  (greater  than 
or  equal  to  60  Gy),  as  well  as  brachytherapy  and 
intraoperative  electron  irradiation,  both  de- 
creased the  frequency  of  recurrence  and  signifi- 
cantly improved  survival  (94a).  Similar  results 
were  obtained  in  a prior,  smaller  series  (89a).  To 
date,  no  chemotherapeutic  regimen  has  proven 
effective  in  the  treatment  of  MPNST 

Frozen  Section  Diagnosis.  A note  of  caution 
has  recently  been  published  regarding  the  role  of 
frozen  section  in  the  diagnosis  of  PNSTs  (95). 
Prior  to  definitive  therapy,  it  is  desirable  to  deter- 
mine whether  a peripheral  nerve  tumor  is  benign 
or  malignant.  To  achieve  this,  a biopsy  is  often 
performed  prior  to  surgical  removal.  Unless  the 
pathologist  has  extensive  experience  with  soft 
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tissue  tumors,  we  do  not  think  frozen  sections 
should  be  relied  upon  to  diagnose  any  but  obvious 
high-grade  MPNSTs.  Resection  of  an  MPNST 
often  requires  a wide  en  bloc  procedure  that  may 
necessitate  sacrifice  of  an  involved  nerve.  To  do 
this  based  solely  upon  a frozen  section  interpre- 
tation is  problematic  at  best.  In  the  mediastinum 
this  approach  is  acceptable,  since  sacrifice  of  one 
or  more  thoracic  spinal  nerves  does  not  result  in 
major  neurologic  disability.  On  the  other  hand,  a 
tumor  in  the  lumbosacral  region  poses  much 
more  of  a challenge  since  resection  of  large  spinal 
nerves  may  result  in  significant  functional  defi- 
cits. If  the  diagnosis  of  cellular  schwannoma  is  a 
possibility,  we  recommend  resection  of  the  tumor 
with  preservation  of  functionally  important 
nerves.  This  constitutes  adequate  treatment  if 
on  permanent  sections  the  well-sampled  tumor 
is  found  to  be  a cellular  schwannoma.  Alterna- 
tively, if  permanent  sections  show  the  tumor  to 
be  a MPNST,  either  a wide  local  excision  with  or 
without  sacrifice  of  nerve,  or  radiation  therapy 
of  the  tumor  bed  may  be  undertaken. 

Prognosis.  The  prognosis  of  patients  with 
MPNST  is  poor,  being  the  same  as  for  other  high- 
grade  sarcomas.  In  two  major  studies  with  long- 
term follow-up,  63  and  68  percent  of  the  patients 
died  of  tumor  (18,44).  Reported  overall  5-  and 
10-year  survival  rates  range  from  34  to  52  per- 
cent and  23  to  34  percent,  respectively  (18,44, 
94a).  The  series  with  more  favorable  overall 
survival  rates  (94a)  included  10  percent  low- 
grade  tumors  as  well  as  a small  number  of  peri- 
neurial  MPNSTs.  What  follows  is  a discussion  of 
a number  of  factors  that  appear  to  affect  the 
prognosis  of  patients  with  MPNST. 

Tumor  Location.  Location  has  been  cited  as  a 
factor  contributing  to  differences  in  prognosis  of 
patients  with  and  without  NF1.  In  the  series  of 
Ducatman  et  al.  (18),  patients  with  this  condition 
had  a greater  proportion  of  centrally  situated  tu- 
mors and  a shorter  survival.  The  effect  of  central 
location  upon  prognosis  was  recently  confirmed  in 
a study  of  paraspinous  MPNSTs  by  Kourea  et  al. 
(50).  The  study  found  the  5-  and  10-year  survival 
rates  (16  percent)  and  the  rates  of  recurrence  (65 
percent)  and  metastasis  ( 68  percent)  differed  from 
those  of  tumors  occurring  at  all  body  sites  (34, 
23,  42,  and  28  percent,  respectively)  (18). 

Tumor  Size.  The  series  of  Hruban  et  al.  (44) 
reported  a poorer  prognosis,  albeit  one  not  sta- 


tistically significant,  in  patients  with  tumors 
greater  than  10  cm  in  size.  In  contrast,  the  series 
of  Ducatman  et  al.  ( 18)  found  a significant  differ- 
ence in  survival  at  the  5 cm  level. 

Resection.  In  large  series,  a positive  surgical 
margin  was  the  principle  factor  determining 
local  recurrence  and  a major  factor  determining 
survival  (50,94a). 

Histologic  Subtype.  The  findingthat  perineur- 
ial  MPNST  is  less  aggressive  (41,94a),  specific- 
ally less  likely  to  metastasize,  remains  to  be 
confirmed.  Such  tumors  tend  to  be  of  lower  his- 
tologic grade  that  conventional  MPNST. 

Tumor  Grade.  The  two  published  studies  that 
attempted  to  correlate  prognosis  with  histologic 
grade  reported  disparate  results  ( 18,67).  Unfortu- 
nately, these  series  differ  significantly,  not  only  in 
the  number  of  patients  studied,  but  also  in  terms 
of  grading  methodology.  The  30-patient  series  of 
Nambisan  et  al.  (67)  used  a 3-grade  scale:  60 
percent  of  the  tumors  were  grade  I or  II  lesions;  the 
criteria  distinguishing  low  (grade  I)  and  interme- 
diate (grade  II)  lesions  were  not  stated.  The  au- 
thors reported  a statistically  significant  difference 
in  recurrence-free  survival  between  patients  with 
tumors  of  grades  I and  II  ( 61  percent)  as  compared 
to  those  with  high-grade  (grade  III)  lesions  (20 
percent).  In  contrast,  in  the  120-patient  series  of 
Ducatman  et  al.  (18),  tumors  were  graded  on  a 
4-tier  scale  and  consisted  in  large  part  (88  per- 
cent) of  high-grade  (grades  III  and  IV ) lesions.  In 
this  study,  there  were  no  statistically  significant 
differences  in  patient  survival  by  tumor  grade. 
Although  one  recent  study  indicates  that  necro- 
sis is  particularly  associated  with  recurrence 
and  metastasis  (65a),  we  believe  that  such  pro- 
gnostically  negative  factors  as  large  tumor  size 
and  central  location  (often  NF1  associated)  may 
override  the  effects  of  histologic  grade. 

DNA  Ploidy.  In  our  experience,  the  majority  of 
MPNSTs  are  aneuploid.  A recent  study  of  28 
MPNSTs,  nearly  all  high  grade,  and  26  neurofi- 
bromas found  64  percent  of  MPNSTs  and  33 
percent  of  neurofibromas  to  be  aneuploid  (76). 
The  difference  was  statistically  significant 
(p=0.04),  but  the  frequency  of  aneuploidy  in  spo- 
radically occurring  and  NFl-associated  tumors 
was  not.  The  prognostic  significance  of  these 
findings  is  unsettled. 

Proliferation  Markers.  Limited  data  is  avail- 
able regarding  proliferative  activity  in  MPNST.  A 
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recent  series  of  28  cases  (76),  all  but  two  of  which 
were  high-grade  tumors,  found  the  mean  and 
range  of  labeling  indices  to  be  as  follows:  prolif- 
erating cell  nuclear  antigen  (PCNA)  35.7;  9-67, 
MIB-1  (18.5;  5-38),  and  percent  S-phase  as  deter- 
mined by  DNA  flow  cytometry  ( 12.4;  2^6).  These 
values  were  of  course  significantly  different  from 
those  of  neurofibromas  (p=0.001),  but  no  differ- 
ences were  noted  between  MPNSTs  occurring  spo- 
radically or  in  association  with  NF1.  The  prognos- 
tic utility  of  proliferation  indices  and  DNA 
content  measurement  remains  to  be  determined. 

Molecular  Genetics.  That  p53  immunoreactiv- 
ity  is  a negative  prognostic  indicator  is  suggested 
by  one  study  of  28  MPNSTs  (33)  in  which  68 
percent  of  tumors  showed  staining.  Patients 
with  p53-positive  tumors  had  a median  survival 
time  of  18  months  as  compared  to  82  months  for 
those  whose  tumors  were  nonreactive  (p=0.02). 

Recurrence.  In  a study  of  MPNSTs  of  the  but- 
tock and  lower  extremity,  78  percent  of  the  pa- 
tients with  local  recurrence  eventually  died  of 
tumor  (44).  In  contrast  the  figure  was  only  31 
percent  in  those  without  a local  recurrence.  It  is 
not  clear  whether  this  association  can  be  ex- 
plained by  the  existence  of  occult  distant  metas- 
tases  at  the  time  of  local  recurrence,  or  to  second- 
ary spread  from  the  recurrence  itself. 

Metastasis.  The  occurrence  of  metastases, 
most  often  to  lung  and  at  a median  time  of 
approximately  2 years,  has  a very  negative  effect 
on  prognosis  (94a).  The  vast  majority  of  patients 
die  of  disease.  Factors  associated  with  metasta- 
ses include  tumor  size,  as  well  as  histologic  grade 
and  subtype  (94a)  (see  above). 

Presence  of  NF1.  Data  from  three  series  (18, 
67,78)  suggest  that  among  patients  with 
MPNSTs,  those  with  NF1  have  a worse  progno- 
sis than  do  patients  with  sporadically  occurring 
tumors.  The  largest  series,  that  of  Ducatman  et 
al.  ( 18),  showed  significant  differences  in  5-year 
(16  versus  53  percent)  and  10-year  (9  versus  38 
percent)  survival.  The  poorer  prognosis  of  NF1 
patients  in  this  series  was  thought  to  be  a reflec- 
tion of  tumor  characteristics,  in  that  NFl-asso- 
ciated  lesions  were  more  often  central  in  location 
(57  versus  36  percent),  larger,  and  of  higher 
histologic  grade.  Three  other  series  found  no 
significant  difference  in  outcome  between  pa- 
tients with  and  without  NF1  (44,50,81). 


MPNST  VARIANTS 
Epithelioid  MPNST 

In  addition  to  their  usual  spindle  cell  compo- 
nent, otherwise  conventional  MPNSTs  may  be 
composed  in  part  of  polygonal  and  elongate  cells 
with  abundant  cytoplasm,  ones  superficially  re- 
sembling epithelial  cells  (102-104).  We  reserve 
the  term  epithelioid  MPNST  for  tumors  com- 
posed predominately  or  exclusively  of  such  epi- 
thelioid cells.  Less  than  5 percent  of  MPNSTs  are 
of  this  type  (103).  Even  fewer  are  those  purely 
epithelioid  in  composition  (101,102,104). 

Clinical  Features.  Combining  data  from  the 
two  largest  series  of  epithelioid  MPNSTs  pro- 
vides an  overview  of  the  clinicopathologic  fea- 
tures of  40  cases  (103,104).  Among  these,  the 
sexes  were  equally  represented,  and  mean  and 
patient  age  was  38  years  (range,  6 to  81  years). 
Most  frequently  affected  sites  were  the  legs, 
arms,  and  inguinal  region.  Laskin  et  al.  (103) 
recognized  two  clinical  presentations:  in  one, 
tumors  arose  in  deep  soft  tissue;  in  the  other, 
they  were  superficially  situated  in  subcutaneous 
tissue.  A nerve  of  origin  was  identified  in  approx- 
imately half  of  the  cases.  There  was  no  associa- 
tion with  NF1. 

Gross  and  Microscopic  Findings.  As  ex- 
pected, superficially  situated  tumors  are  often 
smaller  than  5 cm,  whereas  deep-seated  tumors 
usually  are  larger  (102-104).  In  addition,  super- 
ficial lesions  generally  show  greater  circum- 
scription (103).  In  either  situation,  the  tumors 
commonly  appear  multinodular  with  a fleshy, 
carcinoma-like  consistency  (fig.  11-25).  This  nod- 
ular pattern  persists,  even  at  the  microscopic 
level,  wherein  the  epithelioid  cells  are  variously 
arranged  in  compact  sheets,  loose  clusters, 
strings,  or  cords  separated  by  fibrous  septa  (figs. 
11-26,  11-27A,  11-28A,B).  On  occasion,  they  pro- 
duce mucin  and  lie  embedded  in  a mucinous, 
hyaluronic  acid-rich  matrix  (fig.  11-29).  As  a 
rule,  the  epithelioid  cells  are  uniform,  polygonal, 
round,  or  oblong,  and  have  abundant,  densely 
eosinophilic  or  plum  colored  cytoplasm  and  ve- 
sicular nuclei  with  prominent  nucleoli  (figs.  11- 
26,  top,  11-27A,  11-28C)  (102-104).  Cytologic 
variations  include  pleomorphic  cells,  clear  cells, 
and  ones  with  eccentric  eosinophilic  cytoplasm 
that  lends  a rhabdoid  appearance  (fig.  11-27C) 
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Figure  11-25 
EPITHELIOID  MPNST 
Epithelioid  MPNST  involving  the 
sciatic  nerve  of  a 43-year-old  male  who 
noted  leg  pain  with  exercise.  The  lesion 
grew  quickly  over  a period  of  3 months 
and  was  associated  with  lung  metasta- 
ses.  Note  the  fleshy,  carcinoma-like  ap- 
pearance of  the  tumor,  which  unlike 
conventional  MPNST  was  soft  in  tex- 
ture. ( Courtesy  of  Dr.  W.  E.  Ballinger, 
Gainesville,  FL. ) 


(103).  In  addition,  a majority  of  the  tumors  con- 
tain a spindle  cell  element  identical  to  that  of 
conventional  MPNST.  When  a lesion  is  purely 
epithelioid  and  devoid  of  a spindle  cell  compo- 
nent, the  diagnosis  of  MPNST  depends  in  large 
part  upon  demonstrating  the  origin  of  the  tumor 
from  nerve  (102)  or  providing  supportive  immu- 
nohistochemical  and  ultrastructural  data. 

Immunohistochemical  Findings.  In  addi- 
tion to  vimentin  reactivity  (fig.  11-30A),  approxi- 
mately 80  percent  of  epithelioid  MPNSTs  express 
S-100  protein  in  the  form  of  diffuse,  strong, 
cytoplasmic  and  often  nuclear  reactivity  (fig.  11- 
30B,C)  (103,104).  We  have  also  seen  epithelioid 
MPNSTs  reactive  for  Leu-7.  Unlike  melanomas, 
the  tumors  do  not  stain  for  the  melanoma-associ- 
ated antigen  HMB-45  (103).  In  our  experience, 
occasional  epithelioid  MPNSTs  show  cytokeratin 
(fig.  11-30D)  or  EMA  reactivity  (101).  In  addition, 
two  examples  that  arose  in  schwannomas  ex- 
pressed cytokeratin  (106).  The  frequent  presence 
of  pericellular  basement  membrane  may  be  con- 
firmed by  stains  for  collagen  4 or  laminin  (fig. 
11-30E).  A unique  epithelioid  MPNST  of  a sciatic 
nerve  exhibited  ultrastructural  as  well  as  immu- 
nohistochemical features  (co-expression  of  S-100 
protein,  EMA,  and  cytokeratin)  of  schwannian, 
perineurial,  and  squamous  differentiation  (101). 

Ultrastructural  Findings.  Electron  micros- 
copy plays  a role  in  the  diagnosis  of  epithelioid 
MPNST,  particularly  in  instances  in  which  the 
results  of  immunostains  are  indeterminate.  The 
tumors  typically  consist  of  clusters  of  epithelial- 
like  cells  with  electron-lucent  nuclei,  large  nucle- 
oli, fairly  numerous  organelles,  glycogen  particles, 
varying  numbers  of  cytoplasmic  intermediate  fila- 
ments, moderate  numbers  of  cell  junctions  includ- 


ing small  desmosomes,  pericellular  basement 
membranes  which  may  be  reduplicated,  and  accu- 
mulations of  more  diffuse  basement  membrane 
substance  within  narrow  intercellular  spaces  ( figs. 
11-31-11-34)  (100,102,104,105).  In  some  in- 
stances, basement  membrane  is  scant  or  absent. 
Cells  containing  large  numbers  of  cytoplasmic  in- 
termediate filaments,  usually  vimentin,  resemble 
rhabdoid  cells  at  the  light  microscopic  level  (fig. 
11-35).  Features  of  true  epithelial  differentia- 
tion, such  as  tonofilaments,  secretory  granules, 
microvilli,  and  lumen  formation,  are  not  seen. 

Differential  Diagnosis.  The  differential  di- 
agnoses of  epithelioid  MPNST  includes  a dispa- 
rate group  of  lesions.  Distinction  from  melanoma 
and  clear  cell  sarcoma  rests  upon  the  absence  of 
melanin  on  histochemical  stains,  of  immunoreac- 
tivity  for  the  melanoma-associated  antigen  (HMB- 
45),  and  of  melanosomes  on  electron  microscopy. 
The  exclusion  of  carcinoma  is  based  upon  find- 
ing, in  epithelioid  MPNSTs,  strong,  diffuse  S-100 
protein  immunoreactivity  and,  in  most  in- 
stances, lack  of  keratin  and  EMA  staining.  Epi- 
thelioid sarcoma  differs  from  superficially  situ- 
ated epithelioid  MPNST  by  the  greater  density 
of  the  cytoplasm,  cells  often  embedded  in  dense 
collagen,  and  lack  of  a myxoid  matrix.  Also, 
epithelioid  sarcoma  shows  multifocal  rather 
than  discrete  growth,  a superficial  resemblance 
to  necrobiotic  granuloma,  a usual  lack  of  S-100 
protein  immunoreactivity  in  the  face  of  a positive 
keratin  reaction,  and  the  ultrastructural  pres- 
ence of  tonofilaments.  Whereas  keratin  may  oc- 
casionally be  expressed  in  angiosarcoma,  the  lat- 
ter lacks  S-100  protein  immunoreactivity. 
Furthermore,  epithelioid  angiosarcomas  almost 
always  exhibit  either  CD34,  CD31,  or  factor  VIII 
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Figure  11-26 
EPITHELIOID  MPNST 


Epithelioid  MPNST  showing  the  typical  lobular  growth  pattern  (top).  A reticulin  stain  highlights  both  the  lobules  ( bottom, 
left)  and  the  intercellular  pattern  of  a more  conventional,  spindle  cell  MPNST  component  of  the  tumor  (bottom,  right). 
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Figure  11-27 
EPITHELIOID  MPNST 

Epithelioid  MPNSTs  show  variation  in  cytology  ranging  from  plump  epithelioid  cells  with  large  round  vesicular  nuclei  and 
prominent  nucleoli  (A),  ones  polarized  and  forming  pseudopapillae  (B),  and  cells  with  rhabdoid  features  (C). 
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Figure  11-28 

EPITHELIOID  MPNST 

This  typically  lobulated  example  (A)  showed  delicate  fibrovascular  septation  (B)  and  pseudopapillae  formation  due  to  the 
effects  of  necrosis  (C).  Its  clustered  epithelioid  cytology  ( D ) was  present  throughout. 
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Figure  11-29 
EPITHELIOID  MPNST 

In  tumors  showing  mucin  production  (A),  accumulation  is  largely  extracellular.  The  mucin  may  form  small  pools  within 
which  cohesive  tumor  cells  appear  to  float  (B)  or  may  accumulate  in  microcysts  (C). 
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Figure  1 1-30 
EPITHELIOID  MPNST 

In  addition  to  vimentin  reactivity  (A),  such  tumors  feature 
strong,  diffuse  S-100  staining  (B,C).  Occasionally,  an  other- 
wise typical  example,  such  as  this  radial  nerve  tumor  in  a 
child,  shows  cytokeratin  staining.  Note  infiltration  of  a 
nerve  fascicle  by  CAM  5.2-reactive  tumor  cells  (D).  Collagen 
4 reactivity  may  vary  (E).  (D,  Courtesy  of  Dr.  H.  Goebel, 
Mainz,  Germany.) 
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Figure  11-31 

PLEXIFORM  EPITHELIOID  MPNST 
Characteristic  diagnostic  ultrastructural  features  in- 
clude large  epithelioid  cells  with  a prominent  nucleolus 
(lower  left)  and  a basement  membrane  (arrows)  (X9,700). 


Figure  11-32 

PLEXIFORM  EPITHELIOID  MPNST 
A round  nucleus  containing  a large  nucleolus  and  prom- 
inent reduplicated  basement  membranes  (asterisk)  are  il- 
lustrated (X14,500). 


Figure  11-33 
EPITHELIOID  MPNST 
A cluster  of  epithelioid 
tumor  cells  are  joined  by  scat- 
tered tight  junction-like  inter- 
cellular junctions  (arrows). 
Note  the  floeculent  basement 
membrane  substance  in  the  in- 
tercellular spaces  (X7,200). 
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Figure  11-34 
EPITHELIOID  MPNST 

Detail  of  a portion  of  the  cytoplasm  from  three  neoplastic 
epithelioid  tumor  cells  illustrating  rudimentary  cell  junctions, 
intermediate  filaments,  and  glycogen  particles  (X42,000). 


immunoreactivity  and  stain  for  Ulex  europaeus 
lectin  as  well.  In  contrast  to  the  myxoid  variant  of 
malignant  fibrous  histiocytoma,  epithelioid 
MPNSTs  lack  the  distinctive  storiform  pattern  of 
spindle  cells,  intracellular  mucin,  and  pleomorphic 
giant  cells.  While  extraskeletal  myxoid  chondro- 
sarcoma may  also  stain  for  S-100  protein  and  lacks 
keratin  reactivity,  it  has  not  to  date  been  reported 
to  occur  in  nerve.  Ultrastructurally,  its  cells  lack  a 
basement  membrane  and,  in  one  third  of  cases, 
exhibit  microtubules  within  cisternae  of  rough  en- 
doplasmic reticulum.  The  near  total  removal  of 
mucin  from  epithelioid  MPNST  by  hyaluroni- 
dase  treatment  also  distinguishes  it  from  the 
myxoid  variant  of  chondrosarcoma. 

Treatment  and  Prognosis.  Most  PNSTs 
containing  epithelioid  cells  are  regarded  as  clin- 
ically malignant.  Their  treatment  is  the  same  as 
for  conventional  MPNST.  While  earlier  reports, 
based  primarily  upon  deeply  situated  tumors, 
indicated  a high  mortality  rate  ( 102,104),  a more 


indolent  behavior  was  noted  in  the  series  of 
Laskin  et  al.  (103).  Of  their  16  superficial  tu- 
mors, 2 recurred  locally,  1 metastasized  to  sur- 
rounding soft  tissue,  and  another  to  lung;  there 
were  no  disease-related  deaths  in  this  group.  Of 
the  10  deeply  seated  tumors,  1 recurred  locally 
and  3 underwent  distant  metastasis;  of  the  lat- 
ter, all  three  patients  died  of  tumor. 


MPNST  with  Divergent  Differentiation 

Divergent  differentiation  in  MPNST  refers  to 
the  formation  of  neoplastic  mesenchymal  and 
epithelial  elements,  features  unexpected  in  a 
nerve  sheath  tumor;  this  occurs  in  approximately 
15  percent  of  MPNSTs  (121),  including  ones  post- 
irradiation ( 154).  It  is  in  part  due  to  this  differen- 
tiation that  MPNSTs  provide  the  most  varied  his- 
tology of  any  soft  tissue  neoplasm.  The  currently 
accepted  explanation  for  divergent  mesenchymal 


Figure  11-35 
EPITHELIOID  MPNST 

A “rhabdoid-appearing”  tumor  cell  with  a peripherally  dis- 
placed nucleus  and  cytoplasm  distended  with  intermediate  fila- 
ments, which  were  immunohistochemically  shown  to  be 
vimentin  (X8,700). 
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differentiation  invokes  the  capacity  of  migrating 
neural  crest  cells  to  form  not  only  melanocytes, 
ganglion  cells,  and  Schwann  cells,  but  to  contribute 
to  the  formation  of  leptomeninges,  bone,  cartilage, 
and  muscle  of  the  head  and  face  ( 123,128).  Migrat- 
ing neural  crest  tissue  capable  of  such  varied  dif- 
ferentiation has  been  designated  “ectomesen- 
chyme”  (123).  The  Schwann  cell,  the  cell  from 
which  most  MPNSTs  are  presumed  to  arise,  re- 
tains this  differentiating  capacity,  particularly  in 
its  neoplastic  state.  That  the  capacity  for  divergent 
differentiation  may  be  a feature  of  neuroectoderm 
in  general  is  suggested  by  the  finding  of  skeletal 
muscle  in  leptomeninges  (107),  and  by  reports  of 
myogenesis  in  glioma  (145),  medulloblastoma 
(142),  intraocular  malignant  medulloepithelioma 
(155),  and  rarely  in  benign  nerve  sheath  tumors 
(108).  The  occurrence  of  epithelial  differentia- 
tion in  PNSTs  is  less  readily  explainable. 

MPNST  with  Mesenchymal  Differentiation 
Malignant  Triton  Tumor 

General  Comments.  Most  of  the  heterolo- 
gous mesenchymal  elements  reported  to  occur  in 
MPNSTs  are  histologically  malignant.  Such  sar- 
comatous components  include  rhabdomyosar- 
coma, chondrosarcoma,  osteosarcoma,  and,  on 
rare  occasion,  angiosarcoma  ( 121,134).  Most  fre- 
quent and  extensively  studied  are  MPNSTs 
showing  skeletal  muscle  formation,  a variant 
termed  malignant  “Triton”  tumor.  The  designa- 
tion was  coined  by  Woodruff  et  al.  (150,151)  to 
recall  the  early  studies  of  Pierre  Masson,  the  first 
investigator  to  appreciate  that  rhabdomyo- 
sarcomatous  elements  may  arise  within  a periph- 
eral nerve  tumor  (131-133).  Masson  suggested 
that  under  the  organizing  influence  of  motor  nerve 
fibers,  neuroectodermal  cells  within  neuromas 
may  differentiate  into  muscle  tissue.  In  support  of 
this  notion,  he  cited  the  experiments  of  Locatelli 
( 129),  who,  by  implantation  of  the  sciatic  nerve  into 
soft  tissue  of  the  back,  had  induced  the  growth  of 
supernumerary  limbs  in  salamanders  of  the 
genus  Triturus.  The  explanation  has  its  prob- 
lems, since  it  subsequently  became  apparent 
that  in  this  model,  limb  regeneration  is  not  de- 
pendent upon  the  presence  of  nervous  tissue  in 
the  implant.  Despite  this  interesting  analogy, 
the  currently  accepted  explanation  for  the  occur- 
rence of  myogenic  components  in  PNSTs  is  that 
striated  muscle  cells  arise  by  metaplasia  of  neo- 


Figure  11-36 

MPNST  WITH  DIVERGENT  DIFFERENTIATION 
On  cut  section,  this  malignant  Triton  tumor  of  flank  is 
gray-tan  and  focally  hemorrhagic.  Divergent  differentiation 
was  not  grossly  apparent. 


plastic  Schwann  cells.  Recent  confirmation  of 
the  capacity  of  MPNST  cells  to  form  striated 
muscle  elements  was  provided  by  Nitikin  et  al. 
(137),  who  induced  MPNSTs  by  transplacental 
exposure  of  BD1X  rats  to  N-ethyl-N-nitrosourea. 
Marked  by  a mutant  neu  gene  the  cells  were 
grown  in  monolayer  culture  and  reimplanted 
subcutaneously  into  syngeneic  animals.  By  im- 
munohistochemical  methods,  myogenic  differen- 
tiation was  demonstrated  in  cells  of  the  implant. 
We  have  not  personally  encountered  a convinc- 
ing example  of  “benign  Triton  tumor.” 

Clinical  Features.  In  a review  of  the  litera- 
ture, Woodruff  and  Perino  (153)  identified  84 
malignant  Triton  tumors.  Patients  ranged  in  age 
from  newborn  to  75  years  (mean,  34  years), 
males  and  females  being  equally  represented. 
Few  arose  in  children.  Most  tumors  arose  in  the 
head,  neck,  or  thigh.  Only  57  percent  of  patients 
had  NF1  and  four  lesions  were  radiation  in- 
duced. An  additional  postirradiation  example 
was  recently  reported  ( 154). 

Gross  Findings.  Short  of  the  finding  of  cal- 
cification (bone)  or  mucoid  foci  (glands),  most 
MPNSTs  with  divergent  differentiation  grossly 
resemble  conventional  MPNST  (fig.  11-36). 

Histologic  Findings.  Although  the  rhabdo- 
myoblasts  of  malignant  Triton  tumors  vary  con- 
siderably in  histologic  appearance  (fig.  11-37), 
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Figure  11-37 

MPNST  WITH  RHABDOMYOBLASTIC  DIFFERENTIATION 
In  malignant  Triton  tumors,  the  appearance  of  skeletal  muscle  elements  varies.  In  addition  to  a spindle  cell  MPNST 
component,  one  may  see  clusters  of  rhabdomyoblasts  resembling  those  of  embryonal  rhabdomyosarcoma  (A).  In  a patient  with 
NF1,  both  spindle-  and  strap-shaped  rhabdomyoblasts  are  seen  (B)  in  a tumor  arising  from  a neurofibroma.  The  tumor  showed 
pluri  directional  differentiation.  Muscle  specific  actin  is  a reliable  marker  of  rhabdomyoblasts  in  MPNST  (C).  Residual  normal 
muscle  invaded  by  MPNST  is  characterized  by  geometric  distribution  of  fibers  and  uniformity  of  cross  striations  (D). 
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Figure  11-38 

MPNST  WITH  SARCOMATOUS  DIFFERENTIATION 

An  osteosarcomatous  component  may  be  seen  in  MPNST  showing  pluridirectional  differentiation  (left).  A chondro- 
sarcomatous  component  is  less  frequent.  This  femoral  nerve  tumor  (right)  invaded  the  underlying  femoral  bone  and 
radiologically  mimicked  chondrosarcoma  of  the  femur  with  soft  tissue  extension. 


they  resemble  most  closely  the  better  differenti- 
ated cells  of  embryonal  rhabdomyosarcoma  in 
being  round  with  central  hyperchromatic  nuclei 
and  abundant,  brightly  eosinophilic  cytoplasm 
(fig.  11-37A,B)  (121,151,153).  Strap-shaped  myo- 
cytes are  also  commonly  seen  (fig.  11-37B).  Al- 
though concentric  perinuclear  fibrils  and  cross 
striations  are  often  evident  on  H&E  stain  and  in 
phosphotungstic  acid-hematoxylin  (PTAH)  prep- 
arations, even  in  their  absence  the  myogenic  na- 
ture of  the  cells  can  be  confirmed  by  immunoreac- 
tivity  for  muscle  markers  (see  below)  (fig. 
11-37C).  The  myoid  cells  often  congregate  about 
dilated  blood  vessels  or  lie  interspersed  among 
spindle  cells  which,  based  upon  their  immunore- 
activity  for  S-100  protein,  are  presumed  to  be 
malignant  nerve  sheath  cells  ( 118).  Normal  mus- 
cle entrapped  in  MPNSTs  is  distinguished  by  its 
geometric  fiber  arrangement  and  by  the  uniform 
orientation  of  sarcomeres  (fig.  11-37D).  Approx- 
imately 15  percent  of  malignant  Triton  tumors 
contain  additional  mesenchymal  (fig.  11-38)  or 


even  epithelial  elements  (fig.  11-39).  Such  tu- 
mors are  referred  to  as  showing  “pluridirectional 
differentiation.'’  As  a rule,  mesenchymal  compo- 
nents are  patently  malignant,  whereas  epithe- 
lial ones  are  frequently  benign. 

Immunohistochemical  and  Ultrastruc- 
tural  Findings.  The  immunoprofile  of  the  spin- 
dle cell  component  of  MPNST  with  divergent 
differentiation  is  simply  that  of  conventional 
MPNST.  At  least  50  percent  of  the  tumors  express 
S-100  protein.  Although  antibodies  directed  to- 
ward S-100  protein  and  Leu-7  are  of  diagnostic 
utility,  S-100  protein  staining  may  also  be  seen  in 
embryonal  rhabdomyosarcoma  (114,135,143). 
Therefore,  S-100  protein  is  not  an  absolutely  re- 
liable indicator  of  schwannian  differentiation 
when  faced  with  a myogenic  tumor  also  exhibiting 
a spindle  cell  component.  Rhabdomyoblastic  dif- 
ferentiation in  an  MPNST  is  readily  detected  by 
the  use  of  muscle  specific  antibodies  such  as 
desmin,  muscle  specific  actin  (HHF-35)  (fig.  11- 
370,  alpha  sarcomeric  actin,  and  myogenin,  as 
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Figure  11-39 

MPNST  WITH  EPITHELIAL  DIFFERENTIATION 
Seen  here  is  glandular  differentiation  as  first  depicted  by 
Garre.  With  rare  exception  (see  fig.  8-31),  it  occurs  solely  in 
malignant  peripheral  nerve  sheath  tumors.  Reproduced 
from  Garre  C.  Uber  sekundar  maligne  Neurome.  Beitr  Z 
Klin  ChirZ  1892;9:465-95. 


well  as  by  the  ultrastructural  finding  of  sarco- 
mere formation  (fig.  11-40)  (111,118,121,126). 

Differential  Diagnosis.  Rhabdomyosarcoma 
and  leiomyosarcoma  are  the  two  tumors  most 
likely  to  be  misinterpreted  as  a malignant  Triton 
tumor.  This  is  especially  true  of  rhabdomyo- 
sarcoma of  childhood  ( 153).  As  previously  noted, 
such  tumors  have  been  reported  to  occasionally 
stain  for  S-100  protein  (114,135,143).  That  a 
diagnosis  of  malignant  Triton  tumor  cannot  be 
reflexly  made  upon  a positive  S-100  protein  reac- 
tion alone  is  underscored  by  the  fact  that  leiomyo- 
sarcoma may  also  stain  for  this  marker  ( 112, 144). 
It  is  precisely  for  this  reason  that  this  tumor  may 
be  mistaken  for  malignant  Triton  tumor. 
Leiomyosarcoma  lacks  typical  rhabdomyosar- 
comatous  features,  such  as  round  or  strap  cells 
with  brightly  eosinophilic  cytoplasm,  cytoplas- 


mic cross  striations,  and  immunoreactivity  for 
myoglobin  or  alpha  sarcomeric  actin,  and  ultra- 
structurally  has  cytoplasmic  arrays  of  actin  fila- 
ments with  interspersed  fusiform  densities. 

Treatment  and  Prognosis.  Patients  with 
malignant  Triton  tumor  have  a poor  prognosis. 
The  treatment  does  not  differ  from  that  of  con- 
ventional MPNST.  In  a survey  of  67  cases,  Brooks 
(110)  noted  local  recurrence  in  60  percent  and 
metastases  in  48  percent.  Of  the  84  cases  reviewed 
by  Woodruff  and  Perino  (153),  63  percent  of  pa- 
tients with  available  follow-up  either  died  or  were 
dying  of  tumor.  Death  usually  occurred  within  2 
years  of  diagnosis.  Patients  with  malignant  Tri- 
ton tumors  may  have  a worse  prognosis  than 
those  with  conventional  MPNSTs:  the  respective 
crude  2-  and  5-year  survival  rates  are  33  and  12 
percent  (111)  compared  to  57  and  39  percent  (124). 

PNST  with  Angiosarcoma 

General  Comments.  Less  common  than  ma- 
lignant Triton  tumors  are  PNSTs  with  angiosar- 
comatous  elements.  The  neural  component  may  be 
either  histologically  benign  or  malignant,  and  in 
most  cases  is  thought  to  show  angiosarcomatous 
differentation.  A summary  of  the  literature  is  pre- 
sented in  Table  11-2.  There  are  also  two  reports  of 
angiosarcoma  arising  within  non-neoplastic  pe- 
ripheral nerve  in  patients  without  NF1  (109,117). 
Bricklin  and  Rushton  (109)  described  an  angio- 
sarcoma originating  from  a sizable  vein  within 
the  radial  nerve  of  a 51-year-old  man.  We  have 
reviewed  microsections  from  tills  case.  Since  the 
vein  was  large  and  unassociated  with  nerve  fibers, 
we  consider  the  tumor  to  have  its  origin  in  epineu- 
rium.  By  definition  we  do  not  classify  malignant 
tumors  of  epineurium  as  primary  MPNSTs  since 
they  cannot  be  distinguished  from  tumors  arising 
in  connective  tissue  external  to,  but  contiguous 
with,  epineurium.  The  angiosarcoma  reported  by 
Conway  and  Smith  (117)  as  involving  the  sciatic 
nerve  of  a 47-year-old  man  poses  a greater  noso- 
logic challenge,  since  it  is  unclear  whether  the 
tumor  arose  from  a benign  schwannoma,  de  novo 
from  normal  nerve,  or  extrinsic  to  nerve  (117). 
Although  a focal  proliferation  of  “schwannian 
cells”  was  noted,  the  authors  concluded  that  this 
represented  a reaction  to  the  sarcoma.  Individu- 
als with  NF1  occasionally  develop  angio- 
sarcomas unrelated  to  nerve  (136). 
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Figure  11-40 

MPNST  WITH  RHABDOMYOBLASTIC 
DIFFERENTIATION  (MALIGNANT  TRITON  TUMOR) 

Top:  Portion  of  a neoplastic  rhabdomyoblast  illustrating  numerous  arrays  of  rudimentary  sarcomeres  (X12,300). 
Bottom:  Higher  magnification.  Stacks  of  15-nm  myosin  filaments  are  evident  (X28,100). 


The  first  well-documented  MPNST  with 
angiosarcoma  was  that  of  Russell  and  Rubin- 
stein ( 141 ) who  described  a 35-year-old  man  with 
NF1  and  a femoral  nerve  MPNST,  the  peritoneal 
and  omental  metastases  of  which  contained 
angiosarcoma.  There  are  now  14  reported  cases 
of  angiosarcoma  arising  in  PNSTs  (Table  11-2) 
(113,115,121,127,130,134,139,141,146). 

Clinical  Features.  Of  the  14  cases  of  angio- 
sarcoma arising  in  PNST,  13  occurred  in  patients 
with  NF1.  Males  were  primarily  affected  ( 10  to  3) 
(Table  11-2).  Patient  ages  ranged  from  14  to  65 
years  (mean,  23  years),  the  low  mean  age  a reflec- 
tion of  the  NF1  association.  While  most  (approx- 
imately 70  percent)  angiosarcomas  occurring  in 
the  setting  of  NF1  arose  in  MPNSTs  (113,121, 
127,130,142),  nearly  30  percent  originated  in  neu- 
rofibromas (115,134,139).  A neurofibromatous 
component  was  also  identified  in  5 of  9 MPNSTs; 
6 of  the  9 associated  neurofibromas  were  of  plexi- 


form  type  (115,127,134,139).  In  addition  to  the 
13  above-noted  NFl-associated  cases,  one  angio- 
sarcoma reportedly  arose  in  a schwannoma  ( 146 ). 
The  14  tumors  were  from  disparate  sites,  includ- 
ing the  neck,  back,  upper  and  lower  extremities, 
buttock,  retroperitoneum,  and  liver.  Nerves  of 
origin  were  identified  in  7 ( 50  percent).  The  tumors 
ranged  from  microscopic  to  30  cm  (mean,  10  cm). 

Histologic  Findings.  In  only  6 of  the  14 
reported  cases  was  the  extent  of  the  angiosar- 
comatous  involvement  known.  In  one  instance 
(121)  it  comprised  several  low-power  microscopic 
fields  within  an  MPNST,  whereas  in  another 
(113)  it  represented  approximately  5 percent  of  a 
6-cm  MPNST.  In  the  remaining  4 cases  it  was 
referred  to  as  extensive  or  large  (115,127,134,146). 
Histologically,  in  all  but  the  case  of  Trassard  et  al. 

( 146)  which  consisted  of  epithelioid  cells  disposed 
in  sheets  and  alveoli  (fig.  11-41),  the  angiosarcoma 
element  consisted  of  irregular  anastomosing 
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Table  11-2 

PERIPHERAL  NERVE  SHEATH  TUMORS  WITH  ANGIOSARCOMA  COMPONENT1: 

LITERATURE  SUMMARY 


Author 

(Ref.) 

Age/ 

Sex 

NF1 

Site/Size 

Assoc.  Assoc.  IVeat- 

NF  MPNST  ment 

Local  Recurrence 
or  Metastasis 

F ollow- 
up 

Rubinstein 

(141) 

35  M 

+ 

Retroperitoneal 
metastasis 
from  MPNST** 
of  the  femoral 
nerve 

+ 

+ 

Unknown 

Angiosarcoma  in 
omental  and  pertio- 
neal  metastases, 
not  in  the  primary 
tumor 

DOD',  2 mos. 

Macaulay 

(130) 

18  M 

+ 

Rt.  axilla 
(radial  nerve;); 
15  x 15  x 5 cm 

+ 

Radiation 

Lung  and  brain 
metastases  of  angio- 
sarcoma: metastatic 
adrenal  MPNST  and 
angiosarcoma 

DOD,  2 mos 

Chaudhuri 
et  al.  (115) 

14  M 

+ 

Lt.  neck 
(brachial  and 
cervical 
plexuses)’ 

8 x 4.5  x 2 cm 

+ 

(plexi- 

form) 

Surgical 

resection 

Unknown 

None 

Prasad 

(139) 

6 M 

+ 

— 

+ 

- 

Unknown 

Unknown 

Unknown 

Ducatman, 
et  al.  (121) 

12  F 

+ 

Retroperito- 

neum 

Unknown 

+ 

Radical 

excision 

Recurred  at  2 mos. 
No  angiosarcoma 
in  recurrence 

DOD,  15  mos. 

Lederman 
et  al.  (127) 

21  M 

+ 

Liver; 

Large  portion 
of  30  cm  tumor 

+ 

(plexi- 

form) 

+ 

Hepatic 

artery 

embolization 

Lung  metastases 
of  angiosarcoma 

DOD 

Brown, 
et  al.  (113) 

20  M 

+ 

Rt.  neck; 

6 cm  (angio- 
sarcoma was 
<5%  of  tumor) 

Unknown 

+ 

En  bloc 
surgical 
resection 

Unknown 

None 

Meis- 
Kindblom 
et  al.  (134) 

14  M 

+ 

Brachial  plexus;  + 

8 cm  (plexi- 

form) 

— 

SWU’ 

XRT 

Lung  and  bone 
metastases 

DOD,  6 mos. 

55  M 

+ 

Rt.  lateral 
neck;  5 cm 

+ 

(previous- 
ly excised ) 

+ 

CT?ery’ 

XRT 

Local  recurrence 
7 mos. 

Bone  metastases 

DOD,  2 yrs. 

33  F 

+ 

Back; 

"Large" 

+ 

+ 

Surgery 

Local  recurrence 
at  3 mos. 
Widespread 
metastases 

DOD,  1 yr. 

18  M 

+ 

Lt.  thigh  - 
popliteal 
region;  10  cm 

+ 

(plexi- 

form) 

+ 

CTX,  XRT 

Brain  metastases 
l yr. 

DOD,  2 yrs. 

22  F 

+ 

Lt.  forearm 
(ulnar  n.); 
3.5  cm 

+ 

(plexi- 

form) 

— 

Surgery, 

radical 

resection 

Brain  metastases 
4 mos. 

DOD,  4 mos. 

21  M 

+ 

Rt.  buttock 
( sciatic  and 
femoral  nerve); 
16  cm 

+ 

(plexi- 

form) 

+ 

Surgery 

(hemipel- 

vectomy) 

Lung  metastases 
4 mos. 

DOD,  15  mos. 

Trassard 
et  al. 

(146) 

65  M 

— 

Lt.  thigh  (tibial 
division  of 
sciatic  nerve); 

(schwan- 

noma) 

— 

Surgery 
(total  re- 
section with 

None 

NED,  36  mos. 

6 x 3.5  cm  partial  n. 

sacrifice) 


Modified  from  table  by  Meis-Kindblom  et  al.  (personal  communication). 

::  Primary  tumor  with  chondrosarcomatous  differentiation  but  no  angiosarcoma. 

CTX,  chemotherapy;  XRT,  radiation  therapy;  DOD,  dead  of  disease;  NED,  no  evidence  of  disease:  AKA,  above 
knee  amputation. 
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Figure  11-41 

ANGIOSARCOMA  ARISING  IN  SCHWANNOMA 

Angiosarcomatous  differentiation  occurs  in  both  benign  and  malignant  PNSTs.  This  example  arose  in  a benign  schwannoma 
(A).  The  angiosarcoma  was  epithelioid  (B),  showed  immunoreactivity  for  CD31  (C),  and  was  distinct  from  the  S-100 
protein-positive  schwannoma  element  (D).  (Courtesy  of  Dr.  J.  M.  Coindre,  Bordeaux,  France.) 
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Figure  11-42 

MPNST  WITH  EPITHELIAL  DIFFERENTIATION 
This  MPNST  of  the  flank  occurred  in  an  adult  female  with  NF1.  Note 
the  large  cafe  au  lait  spot  superior  to  the  tumor  (left).  The  lesion  arose 
within  the  substance  of  a plexiform  neurofibroma  (above). 


vascular  spaces  lined  by  flattened  or  plump  cells 
with  hyperchromatic  nuclei.  Except  in  one  case 
(127),  immunohistochemistry  demonstrated  re- 
activity for  one  or  more  endothelial  cell  markers 
including  factor  VUI-related  antigen,  CD31, 
CD34,  BNH  9,  or  Ulex  europaeus  lectin  (fig.  11- 
4 1C)  (113,134).  In  no  case  did  angiosarcomatous 
elements  express  S-100  protein  (fig.  11-41B) 
(127,134,146). 

Treatment  and  Prognosis.  Although  the 
clinical  course  of  MPNST  with  angiosarcomatous 
differentiation  is  even  more  aggressive  than  that 
of  malignant  Triton  tumor,  the  treatment  is  that  of 
conventional  MPNST.  All  but  1 ( 146)  of  11  patients 
with  available  follow-up  died  of  tumor;  3 developed 
local  recurrences  and  9 had  distant  metastases.  In 
decreasing  order  of  frequency,  metastatic  sites  in- 
cluded lung  and  brain,  bone,  peritoneum,  omen- 
tum, and  adrenal  gland.  Survival  after  diagnosis 
ranged  from  2 months  to  2 years. 

MPNST  with  Glandular  Differentiation 

It  was  Garre  ( 122)  who  over  a century  ago  first 
described  glandular  differentiation  in  MPNST 
(fig.  11-39).  In  an  analysis  of  the  literature, 
Woodruff  (150a)  as  well  as  Woodruff  and 
Christensen  (152)  found  that  96  percent  of  the 


25  reported  glandular  PNSTs  had  histologically 
malignant  spindle  cell  components.  The  authors 
concluded  that  the  several  reports  of  benign 
glandular  schwannoma  previously  published  de- 
scribed conventional  schwannomas  with  en- 
trapped sweat  glands.  One  case  of  multifocal 
glandular  MPNST  has  been  reported  (125).  The 
present  overview  is  based  upon  these  reports. 

Clinical  Features.  Among  patients  with  glan- 
dular MPNSTs,  males  and  females  are  affected 
with  equal  frequency.  They  range  in  age  from  19 
months  to  68  years  (mean,  29  years),  with  a peak 
incidence  in  the  fourth  decade.  Seventy-five  per- 
cent of  patients  have  NF1.  The  thigh  and  retro- 
peritoneum  are  the  most  frequently  involved  sites, 
with  a mean  tumor  size  of  10  cm  (fig.  11-42,  left). 

Gross  and  Microscopic  Findings.  In  all 
respects,  glandular  MPNSTs  grossly  resemble 
their  conventional  counterpart  (fig.  11-42,  above). 
With  the  exception  of  one  tumor  in  which  cysts 
were  apparent  on  sonogram  and  gross  inspec- 
tion, the  glandular  component  is  evident  only  at 
the  microscopic  level.  Distributed  singly  or  in 
small  groups,  glands  often  appear  as  islands 
within  a background  of  spindle  cells  ( fig.  11-43A). 
In  all  but  a few  cases,  the  glandular  epithelium 
appears  cytologically  benign.  Most  glands  consist 
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Table  11-3 

GLANDULAR  MPNST  VERSUS  HI  PHASIC  SYNOVIAL  SARCOMA: 

DIFFERENTIAL  DIAGNOSIS 


Glandular  MPNST 

Biphasic  Synovial  Sarcoma 

Evidence  of  neurofibroma  or  origin  from  a nerve 
Cytologic  resemblance  between  glandular  and 

Often 

No 

nonglandular  cells 

No 

Yes 

Goblet  cells  in  glands 
Neuroendocrine  cell  differentiation 

50% 

No 

(chromogranin  staining) 

91% 

No 

Cytokeratin 

Usually  present  and 
only  in  glands;  CK20 
positive,  CK7  negative 

Present  in  glandular  and  often 
nonglandular  cells;  CK7  positive, 
CK20  negative 

EMA* 

In  glandular  cells  in 
67%;  not  present  in 
nonglandular  cells 

Often  present  in  both  glandular 
and  nonglandular  cells 

CEA* 

Often  present  in  glands 

Infrequently  present  in  glands 

*EMA,  epithelial  membrane  antigen;  CEA,  carcinoembryonic  antigen. 


of  columnar,  goblet,  clear,  or  flattened  cells.  Fre- 
quently, mucin  distends  glandular  lumens  and  is 
present  within  the  cytoplasm  of  surrounding 
goblet  cells  (fig.  11-43B).  In  addition,  extrava- 
sated  mucin  pools  are  occasionally  seen  within 
the  neoplastic  spindle  cell  stroma.  Both  intracellu- 
lar and  luminal  mucin  stains  strongly  with  the 
PAS,  Mayer’s  mucicarmine,  and  Alcian  blue  meth- 
ods. Whereas  frank  squamous  differentiation  is 
uncommon  (fig.  11-430,  neuroendocrine  cells  are 
frequently  seen  ( 116,148),  either  as  single,  basally 
situated  cells  in  mucous  glands  or  as  the  sole 
constituent  of  epithelial  nests  (fig.  11-43D).  One 
fourth  of  malignant  glandular  schwannomas  ex- 
hibit not  only  a conventional  MPNST  component 
but  a rhabdomyosarcomatous  component  as  well; 
such  tumors  are  termed  “pluridirectional  MPNST” 
(fig.  11-43F)  (118,120,140,148,149,152). 

Immunohistochemical  Findings.  The  glan- 
dular epithelium  of  these  unusual  tumors  rou- 
tinely stains  for  cytokeratin,  EMA,  and  carcino- 
embryonic antigen  (116, 152 ).  A recent  study  found 
CK20  reactivity  but  lack  of  CK7  staining  (70a).  In 
90  percent  of  cases  appropriately  stained,  the 
glands  contain  basally  situated,  chromogranin- 
positive  neuroendocrine  cells  (fig.  11-43E).  Solid 
clusters  of  neuroendocrine  cells  may  also  be  seen. 
Such  cells  are  frequently  somatostatin-  or  seroto- 
nin-immunoreactive  (116,148,152).  The  neoplas- 
tic spindle  cell  component  shows  the  same  im- 
munoprofile  as  does  conventional  MPNST. 


Ultrastructural  Findings.  Ultrastmctural 
studies  (116,119,147,148)  have  generally  shown 
the  glands  of  glandular  MPNST  to  be  of  the  intes- 
tinal type,  featuring  microvilli  with  a gly cocalyx 
and  core  microfilaments  forming  rootlets.  Goblet 
cells  contain  mucin  droplets  that  vary  in  morphol- 
ogy. Neuroendocrine  cells  with  dense  core  gran- 
ules are  also  a common  feature. 

Differential  Diagnosis.  The  only  soft  tissue 
tumor  with  which  glandular  MPNST  is  likely  to 
be  confused  is  biphasic  synovial  sarcoma.  As  indi- 
cated in  Table  11-3,  the  distinction  rests  in  large 
part  upon  noting  the  presence  or  absence  of  goblet 
and  neuroendocrine  cells  as  well  as  the  differing 
patterns  of  cytokeratin  and  carcinoembryonic 
antigen  expression.  In  approximately  20  percent 
of  cases  the  spindle  cell  component  of  synovial 
sarcoma  is  immunoreactive  for  S-100  protein 
(138).  As  a result,  this  marker  cannot  be  consid- 
ered a reliable  determinant  for  differentiating 
these  two  tumors.  Their  distinction  is  important 
because  of  the  more  favorable  prognosis  of  pa- 
tients with  synovial  sarcoma.  To  date,  immature 
teratoma  has  not  been  reported  to  arise  in  nerve; 
in  any  case,  the  epithelial  elements  of  glandular 
MPNST  do  not  resemble  immature  endoderm. 

Treatment  and  Prognosis.  The  treatment 
of  patients  with  MPNSTs  showing  divergent  dif- 
ferentiation is  that  of  conventional  MPNST. 
Most  cases  are  associated  with  a fatal  outcome. 
Woodruff  and  Christensen  (152)  found  that  79 
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Figure  11-43 

MPNST  WITH  EPITHELIAL  DIFFERENTIATION 

This  remarkably  diverse  tumor  featured  glands  (A)  with  mucin  production  (B),  and  a squamous  epithelium  (C),  neuroen- 
docrine cells  (D)  exhibiting  chromogranin  positivity  (E),  and  a minor  skeletal  muscle  component  (F). 
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percent  of  patients  with  glandular  MPNST  died 
of  tumor;  mean  survival  was  only  2 years. 

Schwannoma  with  Transformation 
to  MPNST  (MPNST  ex  Schwannoma) 

General  Comments.  An  exceedingly  rare 
form  of  MPNST  is  that  arising  in  transition  from 
schwannoma  (neurilemoma).  In  a 1994  review  of 
purported  examples,  Woodruff  and  co-workers 
found  only  nine  acceptable  cases  (156-160,162- 
164).  Substantial  clinical  and  morphologic  dif- 
ferences exist  between  these  rare  lesions  and 
conventional  MPNST.  These  include  lack  of  an 
association  with  NF1,  occurrence  in  an  older  age 
group,  a long  history  of  an  antecedent  mass 
(often  of  many  years),  and  a predominance  of 
malignant  epithelioid  or  small  cells  within  the 
transformed  component. 

Clinical  Features.  The  nine  patients  ranged 
in  age  from  31  to  75  years;  their  mean  age  of  56 


Figure  11-44 

MPNST  EX  SCHWANNOMA 
This  example  represented  a dumbbell  tumor  with  pelvic 
and  intrasacral  components  occurring  in  a 31-year-old  male 
with  an  8-month  history  of  pain.  The  underlying  typical 
schwannoma  showed  Verocay  body  formation  (A).  Most  of 
the  lesion  was  composed  of  epithelioid  MPNST  (B).  In  addi- 
tion to  S-100  protein  staining,  the  tumor  also  showed 
cytokeratin  (CAM  5.2)  reactivity  (C).  For  further  details,  see 
case  2 in  Woodruff  et  al.  (163). 


years  exceeded  by  20  years  that  of  patients  with 
conventional  MPNST.  Five  patients  were  male 
and  three  were  female;  the  gender  of  one  patient 
was  unstated.  No  patient  had  NF1.  In  one  in- 
stance, the  tumor  may  have  been  radiation  in- 
duced. The  lesions  showed  no  preferential  site  of 
involvement.  In  four  cases,  the  tumor  was  stated 
to  have  arisen  in  a mass  that  had  been  present 
for  several  years. 

Gross  and  Microscopic  Findings.  Data  re- 
garding tumor  size  was  available  in  eight  cases; 
six  lesions  exceeded  5 cm  in  greatest  dimension. 
One  tumor  was  dumbbell  shaped,  one  was  multi- 
nodular, and  two  were  bilobed.  Encapsulation 
was  mentioned  in  four  cases;  one  tumor  was 
largely  cystic.  When  carefully  examined,  tan- 
brown,  sometimes  myxoid  tissue  alternated  with 
or  abutted  cheesy  or  solid,  gray-white  tissue. 

Histologically,  the  underlying  tumors  in  the 
nine  above-noted  cases  were  classic  schwan- 
nomas (figs.  11-44A,  11-45A).  Antoni  A and  B 
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Table  11-4 

MPNST  EX  SCHWANNOMA:  HISTOLOGIC  AND  IMMUNOCYTOCHEMICAL  FEATURES 


Histology  Immunohistochemical  Findings 

Author,  Year  Schwannoma  Malignant  Benign  Malignant 

(Reference)  Type  Component  Component  Component 


Fowler,  1955  ( 157) 

Conventional 

Epithelioid 

ND* 

ND 

Carstens  and 
Schrodt,  1969  (156) 

Conventional** 

Round  neuroepithelial  cells 

S-100  protein  + * 

S-100  protein  - ' 

Hanada  et  al., 
1982(159) 

Conventional** 

Round  and  elongated 
neuroepithelial  cells 

S-100  protein  -U 

S-100  protein  + ' 

Yousem  et  al., 
1985(164) 

Conventional** 

Epithelioid 

S-100  protein  +, 
keratin-,  CEA-, 
Leu-7  -* 

S-100  protein  +, 
keratin  -,  CEA  -, 
Leu-7  — 

Franks, 

1985(158) 

Conventional 

Epithelioid 

S-100  protein  + 

S-100  protein  - 

Rasbridge  et  al., 
1989(162) 

Conventional** 

Epithelioid 

S-100  protein  +, 
keratin -,  CEA-, 
MCA-* 

S-100  protein  +, 
keratin +,  CEA- 
MCA- 

Laskin  et  al., 
1991 (160) 

Conventional 

Epithelioid  cells  (witR. 
some  stromal  mucin  U 

S-100  protein  + 

S-100  protein,  UK 

Woodruff  et  al., 
1994(163) 

Plexiform** 

Epithelioid 

ND 

ND 

Woodruff  et  al., 
1994(163) 

Conventional** 

Epithelioid 

S-100  protein  +, 
keratin  — , CEA  -, 
Leu-7-,  desmin-, 
MCA-,  SMA- 

S-100  protein  +, 
keratin+,  CEA-, 
Leu-7-,  desmin-, 
MCA-,  SMA- 

Nayler  et  al., 
1996(161) 

Conventional 

Epithelioid  cells 

S-100  protein  +, 
cytokeratin  -,  EMA  - 

S-100  protein  +, 
cytokeratin  -,  EMA- 

*MCA,  muscle  common  actin;  SMA,  smooth  muscle  actin;  CEA,  carcinoembryonic  antigen;  EMA,  epithelial 
membrane  antigen;  ND,  not  done;  UK,  unknown. 

**Verocay  bodies  present. 

' Not  indicated  whether  intracellular  mucin  present  or  absent. 

Additional  immunostaining  performed  in  authors’  laboratories. 

* Additional  information  obtained  subsequent  to  original  report. 


areas  were  present  in  all  instances  and  Verocay 
bodies  in  six.  In  seven  tumors,  the  malignant 
component  was  purely  epithelioid,  consisting  of 
round,  polygonal,  or  oblong  cells  the  nuclei  of 
which  often  featured  prominent  nucleoli  (Table 
11-4;  fig.  11-44B).  Cytoplasm  was  uniformly  eo- 
sinophilic and  dense.  In  two  of  the  cases,  the 
MPNST  appeared  to  arise  in  transition  from 
Antoni  A tissue.  Recently,  Nayler  (161)  reported 
the  same  finding  in  a 2-cm  schwannoma  showing 
a microscopic  focus  of  malignant  transformation. 
Small  cells  resembling  those  of  primitive  neuro- 
ectodermal tumor  (PNET)  comprised  the  malig- 
nant element  in  the  remaining  two  tumors  (fig. 
1X-45B).  Necrosis  was  evident  in  five  cases. 

Immunohistochemical  Findings.  Im- 
munostains,  performed  in  six  instances  (Table 
11-4),  showed  reactivity  for  S-100  protein  in  the 


benign  component  of  all  lesions,  as  well  as  in  the 
malignant  element  in  four  of  six  tumors.  The 
epithelioid  component  of  two  tumors  expressed 
keratin  immunoreactivity  (fig.  11-440,  a finding 
suggesting  epithelial  differentiation. 

Ultrastructural  Findings.  We  have  had  the 
opportunity  to  retrospectively  examine  one  re- 
ported case  (156).  The  benign  component  exhib- 
ited the  classic  features  of  schwannoma, 
whereas  the  malignant  small  cell  element  lacked 
specific  differentiation  (fig.  11-46). 

Treatment  and  Prognosis.  Based  upon  the 
behavior  of  this  rare  variant,  treatment  would  ap- 
pear to  be  that  of  conventional  MPNST.  The  clinical 
outcome  is  poor.  Of  the  eight  patients  for  whom 
follow-up  was  available,  four  died  with  metastases 
and  one  due  to  aggressive  local  tumor  growth.  The 
preferred  site  for  metastasis  was  the  lung. 
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Figure  11-45 

MPNST  EX  SCHWANNOMA 

This  2.5-cm  example  arose  at  the  base  of  the  thumb  in  a 93-year-old  female  and  had  been  present  for  many  years.  The 
underlying  tumor  was  otherwise  a typical  schwannoma.  The  MPNST  was  a focal  microscopic  finding  (A)  and  was  a small  cell 
neoplasm  (B)  lacking  S-100  protein  immunoreactivity.  Although  the  underlying  schwannoma  was  fully  differentiated  (C), 
electron  microscopy  showed  the  small  cell  component  to  lack  specific  differentiation  (D)  (X15,750).  For  clinical  details  see 
reference  163.  (Courtesy  of  Dr.  P.  Carstens,  Louisville,  Kentucky.) 
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Figure  11-46 

MPNST  EX  SCHWANNOMA 

This  tumor  of  the  left  leg  in  a 30-year-old  male  showed  both  schwannoma  (left)  and  MPNST  (right)  components.  The  latter 
metastasized  to  inguinal  lymph  nodes.  (Courtesy  of  Dr.  A.  Tsutsumi,  Osaka,  Japan.) 


MPNST  Arising  in  Association  with 
Ganglioneuroma,  Ganglioneuroblastoma, 
or  Pheochromocytoma 

MPNST  ex  Ganglioneuroma 
or  Ganglioneuroblastoma 

General  Comments.  Both  ganglioneuromas 
and  ganglioneuroblastomas  contain  Schwann  cells 
which  ensheath  the  numerous  axonal  processes  of 
their  ganglionic  cells  (176).  Schwann  cells  contrib- 
ute significantly  to  the  bulk  of  both  tumors  and 
rarely  serve  as  the  source  of  an  MPNST. 

There  are  two  situations  in  which  MPNSTs 
have  been  reported  to  occur  in  association  with 
ganglioneuromatous  or  ganglioneuroblastomatous 
tissue.  One  is  when,  in  pure  form,  such  tumors 
undergo  transformation  to  MPNST,  the  other 
when  a ganglioneuromatous  portion  of  an 
ectomesenchymoma  (see  below)  does  the  same. 


Evidence  for  the  development  of  MPNST  in  the 
latter  setting  is  less  than  convincing. 

MPNST  developing  in  ganglioneuroma  or  gan- 
glioneuroblastoma was  first  described  in  detail  in 
1984  (172,176).  There  are  now  eight  known  cases 
(Table  11-5)  which  fall  into  two  clinicopathologic 
groups.  The  first  consists  of  three  infants  with 
presumed  radiation-induced  MPNST  (figs.  11-47, 
11-48)  ( 172,176).  At  initial  presentation,  they  were 
21  months  of  age  or  younger.  Each  had  an  intra- 
abdominal neuroblastoma  or  ganglioneuroblas- 
toma which  was  then  treated  with  radiation.  One 
patient  was  subsequently  found  to  have  a skull 
metastasis  histologically  resembling  ganglio- 
neuroma; this  also  was  irradiated  (fig.  11-47)  ( 176). 
In  all  three  cases,  after  a postirradiation  interval  of 
years  (7,  17,  and  19  years),  a high-grade  malignant 
spindle  cell  tumor  consistent  with  MPNST  was 
found  in  a ganglioneuroma  within  the  treatment 
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Figure  11-47 

MPNST  EX  GANGLIONEUROMA 

The  primary  tumor,  an  adrenal  ganglioneuroblastoma  (A)  metastasized  to  the  skull  and,  upon  skull  biopsy,  was  found  to 
have  matured  to  ganglioneuroma  (B,C).  After  local  radiotherapy,  the  skull  lesion  underwent  transformation  to  MPNST  (D). 
For  clinical  details  see  Table  11-5,  Ricci  et  al.  (12),  case  2. 
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Figure  11-48 

MPNST  EX  GANGLIONEUROMA 

The  primary  tumor,  an  adrenal  ganglioneuroma,  underwent  focal  transformation  to  MPNST  (A).  Note  the  abrupt  interface 
of  the  ganglioneuroma  with  the  MPNST  (B).  The  latter  was  a high-grade  lesion  (C).  For  clinical  details  see  Table  11-5, 
Chandrasoma  (2).  (Courtesy  of  Dr.  P.  Chandrasoma,  Los  Angeles,  CA. ) 
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Figure  11-49 

MPNST  EX  GANGLIONEUROMA 

In  this  adrenal  example  (A),  the  ganglioneuroma  (B)  was  seen  to  merge  with  the  MPNST  (C).  Even  in  cellular  portions  of 
the  latter,  occasional  ganglion  cells  were  identified.  For  clinical  details  see  Table  11-5,  Ricci  et  al.  (176),  case  1. 
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Table  11-6 

MPNST  EX  PHEOCHROMOCYTOMA:  LITERATURE  SUMMARY 


Author,  Age/ 
Year  (Ref.)  Sex 


Min  et  al.  39  F 
1988 
(175) 


Miettien  38  F 
and  Saari 
1988 
(174) 


Sakaguchi  48  M 
et  al. 

1996 

(177) 


NF1 


No 


No 


Yes 


Gross 

Features 

Microscopic 

Features 

(Sarcoma) 

Immunohistochem- 
istry/Ultrastructure 
of  Sarcoma 

Treatment 

Follow-up 

Left  adrenal; 

Components 

Occasional  S-100  protein 

Combination 

35-cm  encap- 

intermingled; 

positivity  in  low-grade 

chemotherapy; 

sulated,  partly 

anaplastic  spin- 

element;  immunonegative 

DOD  at  8 mos 

hemorrhagic 

die  cell  tumor 

in  predominant  anaplastic 

Autopsy: 

and  necrotic 

with  minor 

element;  EM*:  some 

regional  “sar- 

tumor 

low-grade 

schwannian  features  but 

eomatosis”  but 

component 

mainly  undifferentiated 

no  metastases 

Left  adrenal; 

Spindle  to 

Primary:  many  S-100 

Widespread 

18-cm  en- 

round  cells 

protein-positive  cells. 

metastases 

capsulated 

with  some 

EM:  schwannoma-like 

( liver,  retro- 

tumor 

hemangio- 

features;  metastases: 

peritoneum); 

pericytoma- 

only  vimentin  reactive; 

alive  with 

like  pattern 

EM:  undifferentiated 

metastases  at 
at  18  mos 

Left  adrenal; 

Left:  MPNST  in 

Primary:  some  S-100 

Mediastinal  and 

2 -cm  tumor. 

center  of  pheo; 

protein-positive  cells  in 

lung  metastases; 

Right  adrenal 

Right:  both 

associated  “neurofibro- 

radio-  and  chemo- 

region; 

tumor 

matous  nodules”;  tumor 

therapy;  DOD  at 

8-em  tumor 

components; 

negative;  EM:  osteosar- 

3 mos;  Autopsy: 

densely 

intermingled 

comatous  differentiation 

widespread  sarcoma 

adherent  to 

MPNST  mainly 

metastases  (lungs, 

adrenal  gland. 

anaplastic, 

lymph  nodes, 

Mediastinal 

with  chrondro- 

pleura,  diaphragm, 

metastasis 

osseous 

differentiation 

spleen),  cardiac 
tamponade; 

Associated 
gastrointestinal 
stromal  tumors 


*EM,  electron  microscopy;  DOD,  dead  of  disease. 

field.  The  second  clinicopathologic  group  con- 
sisted of  five  young  adult  patients  ( ages  18  to  30) 
without  a history  of  prior  irradiation,  all  of  whom 
spontaneously  developed  MPNSTs  within  ganglio- 
neuromas (fig.  11-49)  (165-169). 

Gross  and  Microscopic  Findings.  The  two 
components  of  these  complex  lesions  may  be 
grossly  distinct  (fig.  11-49A).  In  cases  in  which 
the  precursor  lesion  is  still  evident  (fig.  11-49B), 
microscopic  fields  of  typical  ganglioneuroma 
may  either  abut  or  merge  with  sheets  of  crowded, 
hyperchromatic  and  mitotically  active  spindle 
cells  (figs.  11-47-11-49).  Occasional  ganglion 
cells  may  be  encountered  within  the  malignant 
component  of  well-sampled  tumors.  In  all  three 
cases  in  which  immunohistochemistry  was  per- 
formed, some  malignant  spindle  cells  exhibited 


reactivity  for  S-100  protein.  Four  of  the  eight 
tumors  had  pursued  a malignant  course  at  the 
time  of  publication.  Data  is  limited  regarding 
clinical  outcome.  Two  patients  followed  in  excess 
of  5 years  have  died  of  tumor  (Table  11-5). 

Far  from  convincing  are  two  reports  of  MPNST 
developing  in  ganglioneuromatous  portions  of  an 
ectomesenchymoma  ( 166a,  169a-17 1,173, 175a, 
175b, 178).  The  latter  affect  primarily  infants  and 
are  complex  tumors  containing  neuroblasts  or 
ganglion  cells  as  well  as  mesenchymal  elements, 
often  rhabdomyosarcoma  (166a).  Ectomesen- 
chymomas  are  widely  distributed  in  the  body 
(169a).  Their  identification  is  of  importance 
since  typical  examples  are  histologically  malig- 
nant and  associated  with  a poor  outcome  (169a). 
The  term  ectomesenchymoma  is  based  on  their 


355 


Tumors  of  the  Peripheral  Nervous  System 


assumed  origin  from  ectomesenchyme  (169b), 
pluripotential  tissue  derived  from  the  neural 
crest  ( 170).  Ganglioneuroma  was  noted  as  a com- 
ponent in  7 of  the  13  cases  listed  in  one  literature 
review  (171).  Although  2 of  the  7 were  said  to 
contain  an  MPNST  component,  neither  report 
clearly  illustrates  features  of  MPNST,  and  one 
fails  to  prove  the  presence  of  ganglioneuroma. 
Cozzutto  et  al.  (166a)  are  of  the  opinion  that  to 
qualify  as  an  ectomesenchymoma,  the  tumor 
should  not  possess  histologic  features  of  MPNST. 

MPNST  ex  Pheochromocytoma 

Least  common  of  the  MPNSTs  arising  in  tran- 
sition from  tumors  of  neuronal  type  are  those 
occurring  in  pheochromocytoma  (174,175,177). 
The  essential  clinicopathologic  features  of  the 
three  cases  reported  to  date  are  summarized  in 
Table  11-6.  All  occurred  in  adults  and  only  one 
was  associated  with  NF1  ( 177 ).  In  two  instances, 
presenting  symptoms  were  entirely  or  partly 
referable  to  the  endocrine  effects  of  the  pheo- 
chromocytoma. All  three  tumors  involved  the  left 
adrenal  gland,  but  in  one  case  the  lesion  may 
have  been  bilateral  (fig.  11-50)  (177).  Tumors 
ranged  from  small  (2  cm)  to  massive,  the  largest 
(38  cm)  example  (175)  having  undergone  exten- 
sive hemorrhage  and  necrosis.  Remnants  of  the 
adrenal  gland  and  the  pheochromocytoma  were 
identified  in  each  case  (figs.  11-50,  11-51).  The 
location  of  one  small  MPNST  within  the  sub- 
stance of  the  pheochromocytoma  confirmed  its 
derivation  from  that  tumor.  To  some  extent,  the 
two  tumor  elements  were  described  as  inter- 
mixed in  all  cases.  Where  mentioned,  the  lesions 
were  encapsulated.  The  MPNSTs  varied  in  their 
differentiation.  All  had  a small  cell  or  anaplastic 
element,  but  varying  numbers  of  S- 100-positive 
spindle  cells  were  noted.  Divergent  chondro- 
osseous  differentiation  was  evident  in  one  in- 
stance (fig.  11-50)  (177).  Yet  another  large,  pre- 
dominantly anaplastic  MPNST  exhibited  a 
low-grade  element  (175),  a finding  suggesting 
incremental  evolution  of  the  tumor.  Ultrastruc- 
tural  studies  showed  some  degree  of  schwannian 
differentiation  in  all  cases.  Widespread  metasta- 
es  were  noted  in  two  cases.  Two  patients  died  of 
disease  from  3 to  8 months  after  presentation; 
the  other  is  alive  with  metastases  at  18  months 
(Table  11-6).  As  suggested  by  one  author  (174), 


MPNSTs  arising  in  pheochromocytoma  likely 
originate  from  sustentacular  cells,  modified 
Schwann  cells  encircling  ganglionic  cells. 

PRIMITIVE  NEUROECTODERMAL 
TUMOR  OF  PERIPHERAL  NERVE 

General  Comments.  Beginning  with  Stout’s 
1918  description  of  a primitive  neuroectodermal 
tumor  (PNET)  of  the  ulnar  nerve,  the  peripheral 
neuroepithelioma,  a tumor  now  equated  with 
PNET,  was  regarded  as  a tumor  of  peripheral 
nerve.  Sixteen  years  elapsed  before  the  term  “pe- 
ripheral neuroepithelioma”  was  applied  to  such 
tumors  by  Penfield  (203).  As  compared  to  soft 
tissue  examples  unassociated  with  peripheral 
nerve,  examples  originating  in  nerve  are  rare. 
Only  six  cases  have  been  reported  to  date  (181,191, 
199,208,210),  while  mention  has  been  made  of  at 
least  13  additional  examples  (179,207,209).  Af- 
fected nerves  have  included  the  sciatic,  ulnar,  me- 
dian, radial,  intercostal,  lateral  popliteal,  and  S-l 
root.  The  six  reported  cases  occurred  in  the  third 
through  the  fifth  decades  of  life,  four  in  males  and 
two  in  females.  In  most  instances  no  long-term 
follow-up  was  reported,  but  some  tumors  were 
fatal,  having  metastasized  distantly  (195). 

In  the  1970s  it  first  became  evident  that  pe- 
ripheral neuroepitheliomas  also  arose  in  soft 
tissues,  without  a nerve  association.  Lattes  ( 195) 
reported  an  example  occurring  in  the  chest  wall. 
Thereafter,  Seemayar  et  al.  (205)  described  two 
additional  malignant  peripheral  neuroepithelial 
tumors,  one  exhibiting  rosette  formation;  nei- 
ther patient  had  a primary  neuroblastoma  at 
another  site.  Two  synchronous  reports  emerged 
in  1979,  one  a 15-case  series  by  Lieberman  (196) 
who  used  the  term  “primitive  neuroectodermal 
tumor,”  and  another  the  20-case  series  of  Askin 
et  al.  ( 180 ) who  reported  20  “malignant  small  cell 
tumor  of  the  thoracopulmonary  region  of  chil- 
dren.” Both  confirmed  the  existence  of  a strictly 
soft  tissue  form  of  peripheral  neuroepithelioma. 
While  the  cell  type  of  the  tumors  reported  by 
Askin  et  al.  was  unclear  to  the  authors,  subse- 
quent evidence  of  their  neuroectodermal  or  neu- 
ral nature  was  provided  (192,197).  As  an  aside, 
the  term  neural  has  been  loosely  used  to  denote 
both  nerve  sheath  and  neuroblastic/neuronal 
differentiation.  With  respect  to  PNET,  it  implies 
the  latter.  In  addition  to  the  above-noted  forms  of 


356 


Primary  Malignant  Tumors  of  Peripheral  Nerve 


Figure  11-50 

MPNST  EX  PHEOCHROMOCYTOMA 

This  mass  in  the  right  adrenal  region  consisted  of  Firm  tan  MPNST  and  residual  red-brown  pheochromocytoma  (A). 
Microscopically,  the  two  components  were  in  part  admixed  (B),  a feature  best  seen  on  chromogranin  immunostain  (C).  The 
MPNST  demonstrated  chondro-osseous  differentiation  (D).  For  clinical  details,  see  Table  11-6,  Sakaguchi  et  al.  ( 13).  (Courtesy 
of  Dr.  K.  Sano,  Matsumoto,  Japan.) 
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Figure  11-51 

MPNST  EX  PHEOCHROMOCYTOMA 

This  massive  tumor  of  the  left  adrenal  gland  consisted  in 
large  part  of  high-grade  MPNST.  For  clinical  details,  see 
Table  11-6,  Min  et  al.  (11).  (Courtesy  of  Dr.  K.W.  Min, 
Oklahoma  City,  OK. ) 

nerve-based  and  soft  tissue  PNET,  conventional 
MPNST  may  also  rarely  demonstrate  primitive 
neuroepithelial  differentiation  (183,184). 

Histologic  Findings.  The  PNET  is  a highly 
malignant  tumor  of  apparent  neural  crest  origin. 
It  exhibits  neural  differentiation  only  in  the 
sense  that  it  closely  resembles  but  is  less  well 
differentiated  than  neuroblastoma  (fig.  11-52). 
Histologically,  PNETs  consist  of  poorly  differenti- 
ated, small,  round  cells  disposed  in  a lobular  pat- 
tern and  often  showing  a somewhat  fibrillar  back- 
ground. Although  some  degree  of  Homer- Wright 
rosette  formation  may  be  seen  (fig.  11-52B,D), 
ganglionic  differentiation  is  rarely  observed  ( 182, 
184,190,192,204,212).  Nucleoli  are  typically 
small  or  inconspicuous  (fig.  11-52B,D)  ( 185,200). 
Cytoplasmic  glycogen  may  be  present  in  opti- 
mally fixed  tissue. 

Immunohistochemical  Findings.  Most 
PNETs  express  neuron-specific  enolase  (NSE) 
and  the  glycoprotein  CD99  (p30/32MIC2)  as 
identified  by  the  monoclonal  antibodies  HBA71 
and  013  (187,189,202).  In  the  appropriate  set- 
ting, CD99  reactivity  (fig.  11-52,  right)  is  a more 
specific  marker  of  PNET  than  is  NSE.  Its  expres- 
sion is  also  seen  in  Ewing’s  sarcoma,  the  osseous 
counterpart  of  PNET  (186,188),  and  in  a variety 
of  other  neoplasms  (193,206).  Lastly,  occasional 
synaptophysin  and  rare  neurofilament  protein 
reactivity  may  be  expressed  by  PNET. 


Ultrastructural  Findings.  Electron  micros- 
copy (fig.  11-53)  reveals  romided  cells  with  variable 
numbers  of  short  microtubule-containing  neu- 
ritic  processes.  Cytoplasm  is  scant  and  contains 
few,  occasionally  pleomorphic  dense-core  gran- 
ules (fig.  11-53,  right).  Glycogen  is  also  present 
in  some  cases  (201). 

Cytogenetics.  On  genetic  analysis,  most  soft 
tissue  PNETs  demonstrate  a reciprocal  translo- 
cation of  chromosomes  11  and  22  (q21:ql2)  (213), 
an  alteration  also  seen  in  Ewing’s  sarcoma  (211). 
To  date,  no  cytogenetic  evaluation  of  a nerve- 
based  PNET  has  been  reported. 

Differential  Diagnosis.  The  principal  dif- 
ferential diagnosis  of  nerve-based  PNET  is  neu- 
roblastoma. Clinicopathologic  distinctions  are 
summarized  in  Table  11-7. 

Treatment  and  Prognosis.  PNETs  are  both 
locally  aggressive  (180)  and  capable  of  wide- 
spread metastases.  Common  sites  of  metastatic 
spread  include  the  lungs,  bone,  and  lymph  nodes 
(198).  The  reported  3-year  disease-free  survival 
rate  of  patients  with  initially  localized  tumors  is 
56  percent  (194). 

MALIGNANT  GRANULAR  CELL  TUMOR 

Definition.  This  is  a histologically  or  clini- 
cally malignant  counterpart  of  the  benign  gran- 
ular cell  tumor,  a lesion  of  probable  peripheral 
nerve  sheath  origin  composed  of  granular  cells 
which  are  immunoreactive  for  S-100  protein  and 
contain  large  numbers  of  secondary  lysosomes. 
The  tumor  is  also  known  as  malignant  gran  ular 
cell  schwannoma. 

General  Comments.  Since  Ravich  and  Stout’s 
(246)  original  description  of  a malignant  granular 
cell  tumor  (GCT)  in  the  urinary  bladder,  there  have 
been  over  30  bona  fide  examples  reported  (214- 
217, 219, 221-223, 225-230, 230a, 232-235, 238-240, 
242-249,251,253,255,256,258-261).  Critical  re- 
views of  the  literature  (225,238)  have  rejected 
many  of  the  earlier  reported  cases  since  their 
morphologic  features  were  more  suggestive  of  al- 
veolar soft  part  sarcoma  or  rhabdomyosarcoma. 

By  convention,  GCTs  are  classified  as  malig- 
nant when  their  constituent  cells  are  cytologically 
malignant  or  when  a morphologically  benign  GCT 
metastasizes  to  regional  lymph  nodes,  distant 
sites,  or  otherwise  causes  a patient’s  death.  By 
this  definition,  morphologically  benign  examples 
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Figure  11-52 
PNET 

A,B:  This  cervical  nerve  root  lesion  occurred  in  a 20-year-old  female.  Dumbell-shaped  with  both  an  intradural  and  extradural 
foraminal  component,  it  involves  both  epineurium  and  nerve  fascicles  (A).  Its  cytologic  features  are  typical  and  include  vague 
rosette  formation  (B). 

C,D:  This  typical  highly  cellular  example  which  arose  in  the  left  S-l  nerve  root  of  a 40-year-old  male  (C)  shows  chromatin 
to  be  more  coarse  and  nucleoli  to  be  more  prominent  than  in  neuroblastomas  of  comparable  cellularity.  Well-formed 
Homer- Wright  rosettes  are  a conspicuous  feature.  Strong  membrane  immunoreactivity  for  CD99  (D),  the  MIC2  gene  product, 
is  helpful  in  the  differential  diagnosis  of  PNET  in  that  such  immunoreactivity  is  lacking  in  neuroblastoma.  (Courtesy  of  Dr. 
P.  C.  Burger,  Baltimore,  MD.) 
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Figure  11-53 
PNET 

The  ultrastructural  features  of  this  poorly  differentiated  tumor  (left)  include  the  formation  of  occasional  microtubule-con- 
taining processes  and  the  presence  (*)  of  rare  dense-core  granules  (right,  arrow).  (Left,  X10,000;  right,  X32,100) 


Table  11-7 

NEUROBLASTOMA  AND  PERIPHERAL  PNET:  DIFFERENTIAL  DIAGNOSIS 


Neuroblastoma 

Peripheral  PNET 

Age 

<5  years 

>10  years 

Location 

Adrenal,  sympathetic  ganglia 

Soft  tissue,  thoracopulmonary 
region,  bone 

Neurotransmitters 

Adrenergic 

Cholinergic 

Metabolite  excretion 

Present 

Absent 

Immunohistochemistry 

Vimentin 

<5% 

+ 

013 

— 

+ 

Chromogranin  A 

-10% 

- 

Synaptophysin 

+ 

occasional 

Nerve  growth  receptor 

+ 

+ 

Neuron  specific  enolase 

+ 

+ 

Neurofilament  protein 

+ 

rare 

Keratin 

— 

<5% 

S-100  protein 

- 

Occasional 

Leu-7 

+ 40% 

+ 40% 

MHC*(beta2  microglobulin) 

- 

Frequent 

Ultrastructure 

Frequent,  long  neurites,  few  to 

numerous  neruosecretory  granules 

Abortive  neurites,  few  pleomorphic 
granules 

Chromosomal  abnormalities 

del  1 (q-),  HSRs,  DMs 

Reciprocal  translocation  11:22 

Oncogenes 

N-myc 

c -myc 

Survival 

Local  disease 

80% 

50% 

Disseminated  disease 

20% 

10% 

!:MHC,  major  histocompatibility  complex;  DMs  = double  minutes;  HSRs  = 

homogeneously  stained  regions. 
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represent  nearly  90  percent  of  malignant  GCTs. 
Since  cytologically  bland  GCTs  may  behave  in  an 
aggressive  manner,  many  investigators  have  fo- 
cused upon  even  minor  cytologic  features  that 
might  provide  a clue  to  the  biologic  potential  of 
otherwise  benign-appearing  examples.  One  recent 
large  series  successfully  applied  histologic  criteria 
to  the  determination  of  malignancy  (230a).  As  a 
result,  we  require  the  presence  of  histologic  ma- 
lignancy rather  than  atypia  before  designating  a 
GCT  morphologically  malignant. 

Clinical  Features.  The  age  and  sex  distribu- 
tions of  benign  and  malignant  GCTs  coincide. 
The  peak  incidence  for  malignant  GCT  is  in  the 
fourth  through  the  sixth  decades,  with  a mean 
patient  age  of  50  years  and  a female  sex  predi- 
lection ( 1.4  to  1).  Malignant  GCTs  have  not  been 
reported  to  occur  in  children,  the  youngest  pa- 
tient being  23  years  of  age  (243).  In  our  review 
of  the  literature,  malignant  GCTs  occur  at  al- 
most all  sites.  Head  and  neck  tumors  are  less 
frequent  than  among  benign  GCTs.  Instead,  the 
trunk  and  extremities  are  most  often  affected;  the 
thigh  is  the  single  most  common  site  of  malignant 
GCT.  Several  lesions  involved  deep  soft  tissues: 
one  was  intrapelvic  (244)  and  two  were  vulvar 
(240,248).  Oral  mucosa  examples  are  also  un- 
common. It  is  of  note  that  at  least  two  malignant 
GCTs  reportedly  involved  identifiable  large 
nerves,  specifically  the  sciatic  and  radial  nerves 
(253,260).  Little  data  is  available  regarding  the 
imaging  characteristics  of  malignant  GCT  ( 230). 

Gross  Findings.  Grossly,  malignant  GCTs 
present  either  as  relatively  circumscribed  or 
clearly  infiltrative  masses  (fig.  11-54A,B),  usu- 
ally measuring  4 to  15  cm  in  greatest  dimension 
(214).  Malignant  GCTs  as  small  as  1 cm  have 
been  reported  (230a).  Gross  association  with  a 
nerve  is  rare.  Firm  to  hard  on  palpation,  their 
cut  surface  is  variously  gray,  white,  or  yellow.  On 
occasion,  areas  of  necrosis  are  grossly  apparent. 

Histologic  Findings.  As  a whole,  malignant 
GCTs  consist  of  sheets  or  irregular  packets  of 
polygonal  to  somewhat  spindle-shaped  cells  with 
abundant  eosinophilic  cytoplasm  containing  PAS- 
positive,  diastase-resistant  granules  (figs.  11-54C, 
11-55A).  Like  benign  GCT,  malignant  examples 
often  contain  spherical,  PAS-positive  cytoplas- 
mic globules  (figs.  11-54C,  11-55A).  Similarly 
staining  angulate  bodies  may  be  seen  within 
accompanying  histiocytes.  Although  some  ma- 


lignant GCTs  are  virtually  indistinguishable 
from  their  benign  counterpart  (see  below)  (260), 
histologically  malignant  examples  generally 
show  at  least  three  of  the  following:  marked  cel- 
lularity,  pleomorphism,  a high  nuclear:  cytoplas- 
mic ratio,  nucleolar  prominence,  readily  identifi- 
able mitoses,  prominent  spindling  of  tumor  cells, 
and  frequent  foci  of  necrosis  (230a).  Mitotic  figures 
are  generally  absent  in  benign  GCTs  (fig.  11-54C). 
The  same  is  true  of  areas  of  necrosis  (fig.  11-55D). 

Clinically  malignant  but  histologically  benign 
GCTs  cannot  be  diagnosed  on  the  basis  of  their 
microscopic  features  alone.  Although  benign  GCTs 
generally  consist  of  a uniform  population  of  cyto- 
logically bland  granular  cells,  it  has  been  sug- 
gested that  even  mild  to  moderate  pleomorphism 
in  a largely  benign-appearing  tumor  should 
prompt  consideration  of  malignancy  (248).  This 
may  be  true.  Nonetheless,  given  the  implications 
for  treatment,  we  are  reluctant  to  make  a diag- 
nosis of  malignant  GCT  in  such  instances  unless 
there  are  two  or  more  low-power  fields  wherein 
most  cells  have  enlarged,  pleomorphic,  vesicular 
or  hyperchromatic  nuclei  with  prominent  nucle- 
oli. Mitotic  figures  may  or  may  not  be  present  but 
alone  do  not  indicate  malignant  change.  Fortu- 
nately, in  our  experience  the  histologic  changes 
upon  which  a diagnosis  of  malignant  GCT  can  be 
made  in  this  setting  are  often  obvious  and  wide- 
spread. Attention  to  the  growth  characteristics 
is  also  of  diagnostic  utility.  Although  limited 
invasion  of  surrounding  soft  tissue  cannot  be 
interpreted  as  malignant  behavior,  destructive 
growth  and  lymphatic  or  vascular  invasion  are 
features  of  malignant  GCT. 

In  those  instances  in  which  malignant  GCTs 
were  subject  to  aspiration  or  exfoliative  cytologic 
study,  it  was  not  possible  to  distinguish  a benign 
from  a malignant  process  (224,226). 

Immunohistochemical  Findings.  Like 
those  of  their  benign  counterparts,  the  cells  of 
malignant  GCTs  consistently  express  S-100  pro- 
tein (fig.  11-55B)  (227, 230a, 233, 259, 261),  vimentin, 
and  neuron-specific  enolase  (NSE)  (230a).  Reac- 
tivity for  carcinoembryonic  antigen  has  also 
been  reported  (226),  although  the  frequency  and 
significance  of  this  unexpected  finding  has  not 
been  determined.  By  definition,  stains  for  mus- 
cle markers  are  negative.  Despite  uniform  im- 
munoreactivity  of  benign  GCTs  for  KP-1  ( CD  68), 
a macrophage  marker  (236),  only  a minority  of 
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Figure  11-54 

MALIGNANT  GRANULAR  CELL  TUMOR 

This  cellular,  infiltrative  example  (A,B)  arose  in  the  thigh  of  a 31-year-old  female.  Note  conspicuous  mitotic  activity  (C)  and 
focal  necrosis  (D).  (Figures  11-54  and  11-55  are  from  the  same  patient.) 
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Figure  11-55 

MALIGNANT  GRANULAR  CELL  TUMOR 

This  lesion  showed  not  only  prominence  of  globules  (see  fig.  11-54C)  which  are  PAS  positive  (A),  but  also  immunoreactivity 
for  S-100  protein  (B)  and  CD68  (C).  Collagen  4 reactivity  outlines  cell  lobules  (D). 
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Figure  11-56 

MALIGNANT  GRANULAR 
CELL  TUMOR 
Portion  of  a neoplastic  tumor 
cell  with  a pleomorphic  nucleus 
and  numerous  cytoplasmic  sec- 
ondary lysosomes,  features  diag- 
nostic for  GCT  (X10,100). 


malignant  GCTs  are  reactive  (fig.  11-55C)  (230a). 
Similarly,  collagen  4 reactivity  is  occasionally 
seen  outlining  cell  lobules  (fig.  11-54D). 

Immunoreactivity  for  proliferation  markers 
may  aid  in  the  identification  of  GCTs  likely  to 
exhibit  malignant  behavior.  In  one  large  series, 
fully  half  of  histologically  malignant  tumors  ex- 
hibited labeling  indices  of  10  to  50  percent 
(230a);  in  addition,  nearly  70  percent  showed 
extensive  p53  protein  staining. 

Electron  Microscopic  Findings.  Aside  from 
the  presence  of  large  pleomorphic  nuclei,  clumped 
and  marginated  chromatin,  and  often  multiple, 
large  nucleoli  (fig.  11-56)  (223,231,233,259-261), 
the  ultrastructural  features  of  morphologically 
malignant  GCT  are  identical  to  those  described 
in  the  benign  GCT  section.  Lysosomes  fill  the 
cells.  Specialized  junctions  are  lacking  and  indi- 
vidual cells  or  grouped  cells  are  often  surrounded 
by  basement  membrane. 

Differential  Diagnosis.  The  two  major  con- 
siderations in  the  differential  diagnosis  of  morpho- 
logically malignant  GCTs  are  leiomyosarcoma  and 
alveolar  soft  part  sarcoma.  In  the  past  there  was 
concern  about  the  distinction  of  malignant  GCT 
and  pleomorphic  rhabdomyosarcoma,  but  this 
has  been  largely  negated  by  the  definition  of 
( 1CT  as  being  immunonegative  for  muscle  mark- 
ers. Conversely,  rhabdomyosarcomas  are,  with 
but  few  exceptions  (218,241,252),  S-100  protein 


negative.  Granular  cell  leiomyosarcoma  (257) 
may  be  indistinguishable  from  malignant  GCT  on 
routine  immunohistochemical  stains.  Whenever 
muscle  differentiation  is  suspected  we  recommend 
the  use  of  a panel  of  antibodies  designed  to  identify 
smooth  or  striated  muscle  cells:  desmin,  muscle 
common  actin  (HHF  35),  smooth  muscle  actin, 
myogenin,  and  sarcomeric  actin.  The  distinction 
of  malignant  GCT  from  alveolar  soft  part  sarcoma 
poses  little  difficulty,  since  the  organoid  or  alveo- 
lar growth  pattern  that  characterizes  the  latter 
is  absent  in  GCT  (220).  Lack  of  S-100  protein 
expression  in  alveolar  soft  part  sarcoma  also 
distinguishes  the  lesions.  An  additional  helpful 
clue  is  the  finding  of  PAS-positive,  diastase-re- 
sistant crystalline  structures  in  the  cytoplasm  of 
about  one  fourth  of  alveolar  soft  part  sarcomas 
(254).  Such  crystalloids  have  a distinctive  rhom- 
boid appearance  on  electron  microscopy  (237). 
Obviously  the  differential  diagnosis  of  clinically 
malignant  but  histologically  benign  GCT  is  the 
same  as  that  of  benign  GCT  (see  chapter  9). 

Treatment  and  Prognosis.  Wide  en  bloc  ex- 
cision is  the  treatment  of  choice  in  the  manage- 
ment of  malignant  GCT.  There  is  no  evidence 
indicating  that  radiotherapy  or  chemotherapy  are 
effective  treatment  modalities.  Indeed,  one  malig- 
nant GCT  reportedly  increased  in  size  during  a 
5500  cGy  course  of  radiation;  the  patient  subse- 
quently died  with  generalized  metastases  (216). 
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Malignant  GCTs  are  aggressive  lesions  that 
often  recur  locally  before  spreading  to  regional 
lymph  nodes  or  other  sites.  The  lung  is  the  most 
common  site  of  distant  spread,  being  involved  in 
nearly  half  of  all  reported  clinically  malignant 
GCTs.  In  the  majority  of  instances,  metastases 
developed  within  2 years  of  initial  tumor  resec- 
tion; in  one  case,  however,  it  was  5 years  after 
(35).  Generalized  metastases  have  been  de- 
scribed as  occurring  in  five  cases  (216,219,222, 
246,258).  The  prognosis  of  patients  with  malig- 
nant GCTs  is  poor.  In  a literature  review  of  31 
clinically  malignant  examples  with  available  fol- 
low-up (214-216,219,221-223,225-228,233- 
235,238,240,242-249,253,256,258-261)  we 
found  that  58  percent  of  patients  had  died  of 
tumor.  Most  of  these  patients  died  within  3 


years,  although  one  survived  for  6 years,  and  two 
died  only  after  8 years.  Of  five  patients  with 
histologically  malignant  but  nonmetastatic  tu- 
mors (229,232,239,249,250),  none  died  of  tumor. 

A recent  large  AFIP  series  (230a)  found  a 
number  of  clinical,  gross,  and  histologic  features 
to  be  associated  with  survival,  including  old  pa- 
tient age,  larger  tumor  size,  malignant  histology 
(three  or  more  of  the  criteria  noted  above),  vesic- 
ular nuclei  with  large  nucleoli,  increased  mitotic 
activity,  and  necrosis.  When  subject  to  multivar- 
iate analysis,  only  increasing  age  and  Ki67  val- 
ues of  greater  than  or  equal  to  10  percent  were 
adverse  factors  with  respect  to  survival;  older 
age  was  the  only  parameter  significantly  related 
to  metastases,  and  none  were  significant  with 
respect  to  local  tumor  recurrence. 
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This  chapter  deals  primarily  with  involve- 
ment of  peripheral  nerve  by  other  than  primary 
neoplasms.  The  spectrum  of  involvement  is 
broad,  ranging  from  carcinoma,  sarcoma,  and 
melanoma  to  hemopoietic  neoplasia.  The  mech- 
anism of  nerve  involvement  varies  from  direct 
extension  of  nearby  neoplasms  to  metastasis 
from  a remote  primary.  Also  included  is  a discus- 
sion of  metastasis  to  nerve  sheath  tumors. 

METASTASES  AND  DIRECT 
EXTENSION  OF  NEOPLASMS 
TO  NERVE 

Definition.  Involvement  of  a nerve  is  by  di- 
rect extension  from  a nearby  tumor  or  by  metas- 
tasis from  a distant  primary.  The  tumor  may 
involve  one  or  more  compartments  of  nerve. 

General  Comments.  Since  early  descrip- 
tions of  nerve  involvement  by  infiltrating  or  met- 
astatic neoplasms  ( 19,39),  its  occurrence  in  asso- 
ciation with  carcinoma,  sarcoma,  neurotropic 
melanoma,  and  leukemia-lymphoma  has  be- 
come increasingly  recognized.  Depending  in 
large  part  upon  the  nature  of  the  neoplasm, 
patterns  of  nerve  involvement  vary.  They  include 
simple  compression  or  encompassment  of  nerve, 
infiltration  of  epineurial  tissue,  perineurial  ex- 
tension, and  involvement  of  the  endoneurium 
(5).  Whereas  small  nerve  involvement  is  com- 
mon, secondary  disease  affecting  large  nerves, 
such  as  the  sciatic,  is  not. 

The  “perineurial  space”  serves  as  the  primary 
conduit  for  spread  of  infiltrating  malignant  tumors 
within  peripheral  nerve.  It  is  the  anatomic  region 
most  often  involved  when  invasion  of  small  nerves 
is  noted  in  surgical  specimens.  Although  only  a 
potential  space,  it  is  readily  accessed  by  infiltrating 
tumor  due  to  the  loose  attachment  of  perineurium 
to  surrounding  epineurium.  Although  the  space 
was  once  thought  to  be  lymphatic  (25),  no  lining 
cells  are  demonstrable.  It  is,  nonetheless,  a po- 
tential space,  one  demonstrated  to  communicate 
with  the  subarachnoid  space  in  experiments  in- 
volving the  injection  of  dyes  (36,43)  and  local 
anesthetic  (46).  It  is  not  only  by  way  of  the 
perineurial  space  that  malignant  cells,  notably 


carcinoma  cells,  may  enter  a nerve.  Tumor  can 
also  infiltrate  the  perivascular  sleeve  of  the 
transperineurial  arterial  system  whereby  arteri- 
oles pass  into  the  endoneurium  to  link  epineurial 
nutrient  vessels  with  the  endoneurial  capillary 
plexus  ( 7).  It  is  by  this  route  that  neoplastic  cells, 
particularly  lymphoma-leukemia  cells,  gain  di- 
rect access  to  the  endoneurium.  Carcinoma  and 
sarcoma  far  less  often  involve  endoneurium.  The 
patterns  of  peripheral  nerve  involvement  exhib- 
ited by  carcinoma,  sarcoma,  melanoma,  and  leu- 
kemia-lymphoma are  sufficiently  distinctive  to 
warrant  their  separate  discussion. 

Carcinoma 

General  Comments.  Carcinomas  are  by  far 
the  most  common  neoplasms  secondarily  involv- 
ing nerve.  In  the  majority  of  instances  neural 
involvement  is  by  direct  extension  into  perineu- 
rium or  the  potential  space  surrounding  it.  Al- 
though most  commonly  observed  in  association 
with  adenocarcinoma  of  the  prostate,  adenoid 
cystic  carcinoma  of  salivary  glands  (fig.  12-1), 
and  ductal  carcinoma  of  the  breast,  perineurial 
invasion  may  be  seen  with  virtually  any  type  of 
carcinoma  (23).  One  study  of  head  and  neck 
carcinomas  (4)  found  the  incidence  of  perineurial 
invasion  in  squamous  carcinomas  of  the  skin,  lip, 
and  oral  mucosa  to  be  as  high  as  that  of  adenoid 
cystic  carcinoma.  Particularly  detailed  descrip- 
tions of  tumor  spread  are  found  in  the  head  and 
neck  literature  (4,13-15,23,28,38). 

Having  gained  access  to  the  perineurial  space, 
tumors  may  track  proximal  or  distal,  i.e.,  toward 
or  away  from  the  central  nervous  system  (CNS).  A 
study  of  83  squamous  carcinomas  of  the  head  and 
neck  associated  with  neural  invasion  (13)  found 
the  size  of  the  primary  tumor  to  be  at  least  2.5  cm, 
and  its  extent  of  perineurial  spread  to  be  a distance 
of  1 cm  or  less.  Growth  and  spread  of  tumor  within 
the  perineurial  space,  whether  proximal,  distal, 
or  both,  is  continuous  and  unassociated  with 
“skip  areas.”  Extensive  proximal  spread  is  of 
particular  clinical  importance  in  that  it  brings 
the  tumor  within  reach  of  the  CNS,  thus  setting 
the  stage  for  leptomeningeal  spread  (meningeal 
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Figure  12-1 

CARCINOMA  INVOLVING  PERIPHERAL  NERVE 

Adenoid  cystic  carcinoma  (A,B).  Invasion  of  the  epineurium  and  perineurial  space  is  a conspicuous  feature  of  this  tumor. 
Focal  endoneurial  spread  is  most  apparent  on  a cytokeratin  stain  (B).  Cholangiocarcinoma  showing  extension  within  the 
endoneurium  (C). 
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Figure  12-2 

CARCINOMA  INVOLVING  SENSORY  GANGLION 
Note  extension  of  carcinoma  (left)  into  exiting  nerve  fascicle  and  on  immunostain  for  keratin  (right). 


carcinomatosis)  (4,29).  Carcinomas  uncom- 
monly involve  the  endoneurium  (3,4,23,38).  Pos- 
sible routes  of  endoneurial  invasion  include  di- 
rect extension  through  perineurium,  as  well  as 
growth  of  tumor  within  perivascular  sleeves  of 
the  transperineurial  arteriolar  system  (7).  Tu- 
moral compression  of  such  vessels  may  underlie 
the  occasional  finding  of  associated  nerve  necro- 
sis (15).  Whereas  endoneurium  of  peripheral 
nerves  is  infrequently  involved  by  carcinoma 
( fig.  12- 1 ),  sensory  ganglia  are  less  resistant  ( fig. 
12-2)  (32).  Their  susceptibility  to  metastasis  is 
attributed  to  their  fenestrated  vasculature,  a 
feature  which  also  underlies  the  lack  of  a blood- 
ganglion  barrier  in  ganglia. 

Clinical  Features.  Carcinomatous  involve- 
ment of  nerves  may  or  may  not  be  clinically  appar- 
ent. Subjective  complaints  of  burning,  stinging, 
and  shooting  pain  in  a region  known  to  be  affected 
by  a primary  tumor  (4)  are  highly  suggestive  of 
neoplastic  extension  along  a nerve.  Numbness  in 


the  distribution  of  a nerve  is  even  more  signifi- 
cant (4).  Sensory  symptoms  may  precede  recog- 
nition of  a primary  tumor  by  months.  Conversely, 
relatively  asymptomatic  persistence  of  carcinoma 
within  nerves  has  been  reported  to  occur  years 
after  removal  of  the  primary  tumor  (4). 

Differential  Diagnosis.  Perineurial  or  en- 
doneurial nerve  involvement  by  benign  prolifera- 
tive epithelial  processes  has  been  reported.  Exam- 
ples include  florid  fibrocystic  disease  of  breast  (47), 
benign  prostatic  hypertrophy  (12),  vasitis 
nodosa  (55),  and  benign  gallbladder  lesions 
(15a).  Glandular  inclusions  of  nerve  in  normal 
tissue  are  also  rarely  seen,  such  as  in  prostate 
(12)  or  pancreas  (18).  The  process  may  occur 
spontaneously  or,  as  in  the  case  of  vasitis  nodosa 
(fig.  12-3),  may  be  a postoperative  phenomenon 
wherein  reactive  epithelial  cells  presumably  gain 
access  to  the  nerve  through  the  traumatically 
disrupted  perineurial  sheath.  As  a rule,  affected 
nerves  are  small. 
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Figure  12-3 

BENIGN  INTRANEURAL 
GLANDULAR  INCLUSIONS 
An  example  of  this  phenomenon  is 
vasitis  nodosa.  (Courtesy  of  Dr.  R John- 
son, Tucson,  Arizona.) 


Sarcoma 

Not  surprisingly  sarcomas  secondarily  affect- 
ing peripheral  nerve  most  often  originate  in  sur- 
rounding soft  tissue.  The  frequency  and  mecha- 
nism of  nerve  involvement  were  addressed  by 
Barber  et  al.  (5)  in  a study  of  98  extremities 
amputated  for  soft  tissue  sarcoma.  Thirty-nine 
percent  were  found  to  grossly  affect  peripheral 
nerve.  The  manner  in  which  they  did  so  ranged 
from  simple  displacement,  to  firm  adherence, 
encasement  without  invasion  and,  in  10  percent 
of  cases,  to  presumed  nerve  invasion  based  on 
the  presence  of  localized  or  diffuse  nerve  enlarge- 
ment. Histologic  confirmation  of  neural  invasion 
was  apparent  in  11  percent  of  cases,  and  invasion 
was  limited  to  the  epineurium  in  over  half.  No 
correlation  could  be  made  with  symptoms,  which 
included  pain,  numbness,  weakness,  palsy,  and 
paresthesias.  Of  the  50  patients  with  such  com- 
plaints, symptoms  could  be  explained  on  the 
basis  of  gross  and  microscopic  findings  in  only  46 
percent;  in  27  percent  of  cases  with  histologically 
documented  neural  invasion,  there  were  no  cor- 
responding neurologic  symptoms. 

Invasion  of  the  fascicles  of  large  peripheral 
nerves  by  soft  tissue  sarcoma  is  generally  associ- 
ated with  a high-grade  tumor.  In  most  instances 
the  tumor  destroys  the  epineurium  and  infiltrates 
perineurial  space  (fig.  12-4,  left).  Endoneurial  in- 
volvement is  far  less  common  (fig.  12-4,  right). 
Upon  gaining  access  to  the  “perineurial  space,” 


sarcomas  may  extend  great  distances.  For  exam- 
ple, Barber  et  al.  (5)  described  a high-grade 
fibrosarcoma  which  extended  within  the  median 
nerve  from  the  level  of  the  wrist  to  within  2.5  cm 
of  the  brachial  plexus.  We  have  observed  a similar 
case  (fig.  12-3),  an  angiosarcoma  of  pelvic  soft 
tissues  which  entered  the  perineurial  space  of 
small  nerves,  extended  within  the  space  into  the 
right  sciatic  nerve  above  the  level  of  the  sciatic 
foramen,  descended  along  the  sciatic  nerve  in  the 
buttock  and  thigh  for  a distance  of  25  cm,  and 
continued  within  the  tibia!  nerve  to  a point  2 cm 
above  the  ankle.  Both  nerves  were  markedly 
enlarged  due  to  circumferential  epineurial  ex- 
pansion as  well  as  to  limited  invasion  of  perineu- 
rium (fig.  12-5).  Such  extensive  invasion  typi- 
cally results  in  cylindrical  nerve  enlargement.  In 
the  few  examples  of  extensive  transneural 
spread  that  we  have  studied,  all  nerve  compart- 
ments, including  endoneurium,  were  involved  by 
sarcoma.  Secondary  involvement  of  nerve  by 
high-grade  sarcoma  may  lead  to  parenchymal 
hemorrhage  and  necrosis.  On  rare  occasion,  the 
result  is  focal,  near-total  destruction  of  a major 
nerve  and  a profound  functional  deficit. 

Sarcomas  primary  in  epineurium  are  rare.  We 
have  observed  an  example  of  clear  cell  sarcoma  of 
the  sciatic  nerve,  grossly  resembling  a malignant 
peripheral  nerve  sheath  tumor  (MPNST),  but 
growing  exclusively  in  an  extrafascicular  pat- 
tern (fig.  12-6). 
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Figure  12-4 

SARCOMA  INVADING  NERVE  SHOWS  PRIMARILY  EPINEURIAL  INVOLVEMENT 
Involvement  of  epineurium  is  far  more  often  secondary  from  a surrounding  soft  tissue  tumor  than  a primary  process. 
Secondary  involvement  is  illustrated  by  an  example  of  a large  hemangiopericytoma  of  the  brachial  plexus  region  (left ).  Sarcomas 
such  as  this  leiomyosarcoma  of  the  pelvis  in  a 54-year-old  female  (right)  only  infrequently  invade  the  endoneurium. 


Figure  12-5 

ANGIOSARCOMA  INVOLVING  NERVE 

This  example  arising  in  the  rectal  wall  of  an  adult  male  showed  dramatic  distal  extension  in  sciatic  nerve  perineurium  and 
epineurium  to  the  level  of  the  tibial  nerve  (A).  Cross  sections  of  the  tibial  nerve  (B)  show  spread  of  tumor  along  perineurium 
(B)  with  general  sparing  of  endoneurium  (C). 
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Figure  12-6 

SARCOMA  WITHIN  EPINEURIUM 

The  occurrence  of  sarcoma  within  epineurium  is  illustrated  by  a clear  cell  sarcoma  arising  in  the  sciatic  nerve  of  a 13-year-old 
female.  Although  the  tumor  grossly  resembled  MPNST  (A),  its  pattern  of  growth  was  almost  entirely  extrafascicular  (B).  The  histology 
and  its  HMB-45  immunoreactivity  was  typical  of  clear  cell  sarcoma  (C).  The  lesion  subsequently  metastasized  to  an  adrenal  gland. 


Neurotropic  Melanoma 

General  Comments.  First  described  by  Con- 
ley et  al.  ( 17 ),  desmoplastic  melanoma  is  a spindle 
cell  variant  of  cutaneous  melanoma  associated 
with  inconspicuous,  junctional,  intraepidermal  ag- 
gregates of  atypical  melanocytes,  and  an  invasive, 
nonpigmented,  and  variably  collagenized  compo- 
nent. Sites  primarily  affected  are  the  head  and 
neck  (8,31).  Desmoplasia  is  thought  to  reflect  the 
capacity  of  invasive  melanoma  cells  to  undergo 
“adaptive  fibroplasia”  (17,48,49).  Ultrastructur- 
ally,  such  cells  contain  both  well-developed  rough 
endoplasmic  reticulum  and,  in  many  but  not  all 
instances,  rare  melanosomes  (26).  Cytoplasmic 
intermediate  filaments  and  microtubules  may  also 
be  seen  (51).  Reed  and  Leonard  (Reed  and  Leon- 
ard, oral  communication,  1979)  first  brought  at- 
tention to  a subset  of  desmoplastic  melanomas 
exhibiting  neurotropism,  i.e.,  invasion  and  exten- 
on along  peripheral  nerve,  and  coined  the  term 
neurotropic  melanoma.  Such  tumors  have  since 
been  well  characterized  (1,26,27,31,33-35,37,41, 


51-53).  They  arise  in  sun-exposed  skin  of  the  head 
and  neck,  often  lack  a recognizable  intraepidermal 
(in  situ)  component,  and  occasionally  extend  along 
peripheral  nerves  for  significant  distances.  Some 
exhibit  intracranial  spread.  Cells  of  both  ordinary 
desmoplastic  melanoma  and  the  neurotropic  type 
exhibit  “neuroid”  features,  as  evidenced  by  a ten- 
dency to  form  “nerve-like”  cell  bundles  and  a 
pericellular  basement  membrane  (22,51). 

Clinical  Features.  Neurotropic  melanomas 
show  a distinct  tendency  to  affect  males,  in  a ratio 
of  2 to  1.  Mean  patient  age  in  a reported  group  of 
37  patients  was  56  years  (31,41,51-53).  Eighty- 
four  percent  of  these  tumors  arose  in  the  head  and 
neck.  In  decreasing  order  of  frequency  affected 
sites  were  lip,  temple,  inferior  dental  nerve,  fore- 
head, cheek,  neck,  ear,  nose,  buccal  mucosa,  and 
chin.  Other  sites  included  the  lower  extremity  and 
vulva.  Sun  exposure  was  a common  denominator. 
Although  occasional  examples  presented  with  pe- 
ripheral nerve  impairment  or  as  a mass  associated 
with  neuropathy  (31),  the  clinical  presentation  of 
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the  neurotropic  tumors  did  not  differ  from  that 
of  ordinary  desmoplastic  melanoma.  Neuro- 
tropic melanomas  are  highly  malignant,  show- 
ing a propensity  to  local  recurrence  and  metas- 
tasis. Of  the  37  cases  referred  to  above, 
approximately  two  thirds  of  the  patients  devel- 
oped local  recurrences.  In  addition,  roughly  50 
percent  died  of  disease,  often  with  metastasis,  or 
were  terminally  ill  with  tumor.  Deaths  occurred 
between  19  months  and  9 years  after  initial 
diagnosis.  The  lung  and  brain  were  frequent 
sites  for  metastasis,  whereas  regional  lymph 
nodes  were  only  infrequently  involved. 

Histologic  Findings.  Morphologic  features  of 
neurotropic  melanoma  include  strands,  fascicles, 
or  nodules  of  variably  atypical,  amelanotic  spindle 
cells  forming  a poorly  circumscribed  dermal  and 
occasionally  subcutaneous  infiltrate.  Overlying 
epidermis  or  squamous  mucosa  often  contains 
atypical  basal  melanocytes.  The  neoplastic  nuclei 
are  elongate  and  exhibit  either  uniformly  dense  or 
marginated  chromatin  with  prominent  nucleoli. 
Cytoplasm  is  moderate  to  abundant,  faintly  eosin- 
ophilic, afibrillar,  and  nonstriated.  Cell  margins 
are  often  ill-defined.  Epithelioid  and  multinucleate 
tumor  cells  may  be  seen  and  mitoses  are  usually 
evident.  The  intercellular  stroma  is  variably  col- 
lagenized.  Invasion  of  nerves  by  fascicles  of  tumor 
cells  is  best  seen  in  deep  portions  of  the  tumor. 
Affected  nerves,  whether  small  or  large  (fig.  12-7), 
retain  their  overall  shape  but  appear  enlarged  by 
layers  of  spindle  tumor  cells  filling  the  perineur- 
ial  space  and  occasionally  involving  endoneur- 
ium.  In  most  instances  affected  nerves  are  sur- 
rounded by  layers  or  nodules  of  neoplastic  cells 
(fig.  12-7C).  Given  their  hyperchromasia  and 
larger  nuclear  size,  tumor  cells  are  readily  distin- 
guished from  normal  Schwann  cells  (fig.  12-7A). 

Immunohistochemical  Findings.  Usually, 
but  not  invariably,  the  tumor  cells  of  neurotropic 
melanoma  are  immunoreactive  for  S-100  protein 
(fig.  12-7B)  (37a).  Unlike  ordinary  cutaneous 
melanomas,  desmoplastic  melanomas  are  typi- 
cally HMB-45  negative  (37a). 

Ultrastructural  Findings.  At  the  ultra- 
structural  level,  the  amelanotic,  plump  spindle 
cells  of  neurotropic  melanoma  feature  abundant 
rough  endoplasmic  reticulum,  intermediate  fila- 
ments, scant  melanosomes,  and  cytoplasmic  pro- 
cesses, often  with  focal  basement  membranes 
and  rudimentary  cell  junctions  (26). 


Differential  Diagnosis.  The  differential  di- 
agnosis of  neurotropic  melanoma  includes 
MPNST  as  well  as  soft  tissue  sarcomas  second- 
arily involving  nerve.  It  is  uncommon  to  find 
MPNSTs  confined  to  the  substance  of  a nerve 
and  lacking  significant  extrafascicular  exten- 
sion. As  a rule,  the  distinction  between  neuro- 
tropic melanoma  and  MPNST  is  difficult.  Help- 
ful clues  include  the  presence  in  neurotropic 
melanoma  cells  of  amphophilic  cytoplasm,  larger 
and  more  elongate  nuclei,  and  a stronger  and 
more  diffuse  reactivity  for  S-100  protein.  Neuro- 
tropic melanomas  occasionally  involve  cranial 
nerves.  Although  in  the  past  such  examples  were 
often  erroneously  regarded  as  MPNSTs  (20,42), 
the  cytologic  features  of  most  are  indistinguish- 
able from  neurotropic  melanoma.  Furthermore, 
several  were  associated  with  an  overlying, 
longstanding,  pigmented  skin  lesion  (31).  The 
current  approach  is  to  regard  most  cranial  nerve 
tumors  of  this  description  as  nerve-centered  ex- 
amples of  neurotropic  melanoma.  The  malignant 
epithelioid  schwannoma  of  superficial  soft  tis- 
sues described  by  Enzinger  and  Weiss  ( 24 ) is  now 
also  regarded  as  a neurotropic  melanoma. 

As  previously  noted,  invasion  of  a peripheral 
nerve  by  a soft  tissue  sarcoma  usually  represents 
direct  extension  from  a nearby,  sizable,  high-grade 
soft  tissue  neoplasm.  It  is  not  readily  mistaken  for 
a tumor  of  cutaneous  origin,  since  primary  neuro- 
tropic melanomas  are  rarely  larger  than  2 to  3 
cm.  Furthermore,  most  sarcomas  invasive  of 
nerve  destroy  neural  tissue  rather  than  cause 
nerve  enlargement  with  preservation  of  its  nor- 
mal contour,  as  is  the  case  with  neurotropic 
melanoma.  Lastly,  when  subject  to  immunohis- 
tochemical and  ultrastructural  study,  the  differ- 
entiation of  most  sarcomas  becomes  apparent. 

Lymphoma-Leukemia 

Mononeuropathies  or  polyneuropathies  are 
commonly  observed  in  association  with  hemopoi- 
etic tumors,  which  may  be  localized  or  wide- 
spread and  involve  nerve  roots,  ganglia,  and 
cranial  or  peripheral  nerves  (fig.  12-8)  (11,45). 
Microscopically,  the  process  is  often  diffuse  but 
nonuniform  in  distribution.  Epineurial  invasion 
may  be  seen  but,  unlike  in  carcinomatous  in- 
volvement of  peripheral  nerve,  infiltrates  often 
affect  the  subperineurial  zone,  endoneurial 
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Figure  12-7 

NEUROTROPIC  MELANOMA 

Intimate  involvement  of  a small  dermal  nerve  is  seen  (A).  Permeation  of  dermal  connective  tissue  and  invasion  of  all  nerve 
compartments  is  readily  apparent  on  S-100  immunostain.  Such  tumors  permeate  epineurium,  concentrate  in  perineurium,  and 
may  extend  into  endoneurium  (B).  In  larger  nerves  such  tumors  permeate  epineurium  and  concentrate  in  perineurium  (C). 
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Figure  12-8 

LYMPHOMA  INVOLVING  NERVE 

Nerve  roots  (left)  and  ganglia  are  most  often  involved.  Lymphoma  infiltrates  all  compartments  of  these  structures  (right). 


septa,  and  the  endoneurium  itself  (fig.  12-8).  Axo- 
nal degeneration  and  myelin  loss  commonly  result. 

In  most  instances,  nerve  involvement  by  lym- 
phoma, including  angiotropic  lymphoma  (angio- 
endotheliomatosis)  and  leukemia,  occur  in  a set- 
ting of  systemic  disease.  Nerve  involvement 
following  CNS  lymphoma  has  rarely  been  de- 
scribed (50).  Nevertheless,  non-Hodgkin's  lympho- 
mas occasionally  involve  nerve  in  the  absence  of 
disease  elsewhere  (see  chapter  10,  figs.  10-11,  10- 
12)  as  in  sciatic  mononeuropathy  (44).  So-called 
neurolymphomatosis  (9,30),  a disorder  character- 
ized by  extensive,  apparently  selective  peripheral 
nerve  involvement,  is  poorly  understood. 

Miscellaneous 

Primitive  neuroectodermal  tumors  (PNET)  of 
soft  tissue  origin  may  also  involve  all  nerve  com- 
partments (fig.  12-9). 


METASTASES  TO 
NERVE  SHEATH  TUMOR 

Metastasis  of  one  tumor  to  another  is  rare  and 
seen  in  only  0.1  percent  of  random  autopsies  (6); 
most  reported  cases  were  encountered  at  au- 
topsy. Among  tumors  that  metastasize  to  an- 
other, breast  and  lung  carcinomas  are  most  com- 
mon and  are  nearly  equal  in  frequency  (2).  Most 
recipient  tumors  are  benign.  Although  the  vast 
majority  are  thyroid  adenomas  and  adrenal  ad- 
enomas or  meningiomas  (2,10,16),  schwan- 
nomas may  also  be  affected  (fig.  12-10)  (16,40). 
Renal  cell  carcinomas  comprise  70  percent  of 
malignant  recipient  tumors.  Common  to  most 
recipient  tumors  is  slow  growth,  a factor  causing 
them  to  be  at  protracted  risk  of  metastatic  in- 
volvement. A high  lipid  content,  as  is  often  seen 
in  meningioma,  schwannoma,  and  renal  cell  car- 
cinoma, is  also  considered  a predisposing  factor 
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Figure  12-10 

METASTASIS  TO  NERVE  SHEATH  TUMOR 

Occurring  in  an  elderly  man  with  a lung  mass,  this  schwannoma  from  the  region  of  the  elbow  (left)  was  the  recipient  of  a large 
cell  undifferentiated  carcinoma.  Note  staining  for  cytokeratin  (right).  (Courtesy  of  Dr.  E.  Venza,  Bassano  del  Grappa,  Italy.) 


Figure  12-9 

PRIMITIVE  NEUROECTODERMAL  TUMOR  INVOLVING  NERVE 
Although,  strictly  speaking,  PNET  is  not  a soft  tissue  sarcoma,  it  may  involve  all  nerve  compartments  by  direct  extension. 
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(54),  as  are  common  hormonal  attributes,  such 
as  the  presence  of  steroid  hormone  receptors  in 
breast  carcinoma  and  meningioma  (21).  Metas- 
tasis to  schwannoma  must  be  distinguished  from 


the  exceedingly  rare  occurrence  of  malignant 
transformation  of  schwannoma  (MPNST  ex 
schwannoma),  which  is  discussed  in  detail  in 
chapter  11. 
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NEUROFIBROMATOSIS 


Neurofibromatosis  is  one  of  a group  of  neuro- 
cutaneous  disorders  which  includes  tuberous  scle- 
rosis, neurocutaneous  melanosis,  hypomelanosis 
of  Ito,  incontinentia  pigmenti,  and  Sturge-Weber 
syndrome.  Collectively,  these  have  also  been  re- 
ferred to  as  “phakomatoses,”  a term  derived  from 
the  Greek  phakos,  meaning  a lentil  or  birthmark. 
All  but  Sturge-Weber  syndrome,  which  is  rarely 
familial,  have  an  autosomal  dominant  pattern  of 
inheritance,  and  only  neurofibromatosis  shows 
prominent  involvement  of  the  peripheral  ner- 
vous system. 

Neurofibromatosis  is  characterized  by  multi- 
ple lesions,  often  of  diverse  type,  affecting  a 
variety  of  tissues.  These  include  hyperplasias, 
hypoplasias,  hamartomas,  and  neoplasms,  both 
benign  and  malignant.  The  majority  of  lesions 
are  neuroectodermal  or  mesenchymal  in  nature. 
All  races  and  both  sexes  are  equally  affected. 
Although  the  existence  of  as  many  as  eight  vari- 
ants of  neurofibromatosis  has  been  proposed  ( 55 ), 
the  disorder  occurs  in  two  principal  genetic  and 
clinicopathologic  forms.  Termed  neurofibromato- 
sis types  1 and  2 (NF1  and  NF2),  each  is  charac- 
terized by  distinctive  abnormalities;  overlap  is 
minor.  Both  conditions  result  from  genetic  alter- 
ations of  separate  tumor  suppressor  genes.  The 
risk  of  malignancy  is  ten  times  higher  in  patients 
with  either  form.  The  salient  features  ofNFl  and 
NF2  are  summarized  in  Table  13-1.  The  need  to 
distinguish  these  conditions,  both  conceptually 
and  in  practical  terms,  has  long  been  recognized 
(79).  Since  the  unqualified  use  of  the  term  “neu- 
rofibromatosis” no  longer  provides  diagnostic 
precision,  the  variant  under  consideration 
should  always  be  specified. 

NEUROFIBROMATOSIS  1 (NF1) 

General  Manifestations.  The  full  expres- 
sion of  this  frequently  occurring  disorder,  also 
termed  peripheral  neurofihrojnatosis  or  von 
Recklinghausen’s  disease,  has  long  been  recog- 
nized (fig.  13-1)  (56).  The  mutation  responsible 
for  this  most  common  form  of  neurofibromatosis 
is  in  a large  gene  on  the  long  arm  and  near  the 
centromere  of  chromosome  17  (3,37,72,76).  Its 


precise  location  ( 17qll.2)  is  close  to  the  gene  for 
nerve  growth-factor  receptor  (65).  Spanning  350 
kb  of  genomic  DNA  and  consisting  of  60  exons,  it 
encodes  neurofibromin,  a 2818  amino  acid  pro- 
tein. Evidence  suggests  that  the  NF1  gene  func- 
tions in  part  as  a tumor  suppressor  gene  and  that 
it  may  play  a role  in  cell  proliferation  and  differ- 
entiation (22,73).  Its  product  is  normally  ex- 
pressed in  many  different  tissues. 

Sparing  no  races  and  showing  a population 
incidence  of  1 in  3,000,  NF1  is  one  of  the  most 
common  human  mendelian  disorders.  Approxi- 
mately half  of  affected  individuals  have  a family 
history  of  the  disorder  since  inheritance  is  autoso- 
mal dominant.  Penetrance  is  high  but  expression 
is  variable  (57).  The  remainder  of  cases  appear  to 
be  sporadic  in  occurrence,  thus  attesting  to  the 
high  mutation  rate  of  the  NF1  gene.  Although  the 
penetrance  of  NF1  is  100  percent,  slightly  over  half 
of  patients  are  only  mildly  affected. 

According  to  Gutmann  et  al.  (22a),  a clinical 
diagnosis  of  NF1  can  be  made  if  a patient  has  two 
or  more  of  the  findings  listed  in  Table  13-2.  Of 
these,  none  in  isolation  is  pathognomonic  of  NF1. 
Concordant  manifestations  have  been  reported, 
not  only  in  affected  monozygotic  twins  (2),  but  also 
in  members  of  the  same  family  (64).  As  a rule, 
however,  the  expression  of  NF1  is  variable,  even 
among  affected  members  of  the  same  family. 

Among  the  earliest  manifestations  of  NF1,  con- 
genital in  some  cases,  are  smooth  contoured, 
pigmented  cutaneous  macules  termed  cafe-au-lait 
spots  (fig.  13-2).  These  may  enlarge  and  become 
more  darkly  pigmented  over  time.  Occasional  mac- 
ules are  two-toned  with  both  dark  and  pale 
areas.  Axillary  freckling,  a form  of  pigmentation 
affecting  intertriginous  skin,  is  of  particular  di- 
agnostic significance  (fig.  13-3).  Pigmentation  in 
cafe-au-lait  spots  and  freckles  is  not  due  to  an 
increase  in  melanocytes;  rather,  it  is  due  to  an 
excess  of  melanin  in  the  form  of  melanosome-con- 
taining  phagolysosomes.  Referred  to  as  macro- 
melanosomes  (fig.  13-4)  (31)  or  melanin  macro- 
globules (48),  such  lysosomes  are  not  limited  to 
melanocytes,  but  may  also  be  seen  in  keratino- 
cytes,  Langerhans  cells,  and  macrophages.  In 
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Table  13-1 

COMPARATIVE  FEATURES  OF  NEUROFIBROMATOSIS  1 AND  2 


von 

NF1  (Peripheral  Form; 
i Recklinghausen’s  Disease) 

NF2  (Central  Form) 

Incidence 

1/3,000 

1/40,000 

Prevalence 

60/100,000 

0.01/100,000 

Inheritance 

Autosomal  dominant 

Autosomal  dominant 

Sporadic  occurrence 

50% 

50% 

Chromosome  location 

17qll.2 

22ql2 

Encoded  protein 

Neurofibromin 

Merlin  (schwannomin) 

Cafe-au-lait  spots 

Often  multiple  and  large 

Small,  rarely  more  than  6 

-one  or  more 

About  90%  of  patients 

40%  of  patients 

-six  or  more 

At  least  70%  of  patients 

Cutaneous  neurofibromas 

Most  patients 

Rare 

Cutaneous  schwannomas 

Not  associated 

70% 

Multiple  Lisch  nodules 

Very  common 

Not  associated 

Cataracts 

Not  associated 

60  to  80% 

Skeletal  malformations 

Common 

Not  associated 

Astrocytomas  (optic,  cerebellar,  cerebral) 

Moderate  incidence 

Infrequent 

Pheochromocytoma 

Occasionally  seen 

Not  associated 

Malignant  peripheral  nerve  sheath  tumor 

Approximately  2% 

Not  seen 

Intellectual  impairment 

Associated 

Not  associated 

Vestibular  schwannoma 

Not  associated 

Most  cases  (usually  bilateral) 

Meningioma 

Uncommon 

Common 

Spinal  cord  ependymoma 

Not  associated 

Common 

Meningioangiomatosis 

Not  associated 

Occasional 

Schwannosis 

Not  associated 

Common 

Glial  hamartomas 

Occasional 

Very  common 

Syringomyelia 

Not  associated 

Associated 

Posterior  subcapsular  cataracts 

Not  associated 

Common 

Ganglioneuroma 

Occasional 

Not  associated 

Gastrointestinal  autonomic  nerve  tumor  ( GANT ! 

i Occasional 

Not  associated 

Paraganglioma,  including  duodenal  gangliocytic 
variant 

Occasional 

Not  associated 

Foregut  carcinoid  tumor,  including  duodenal 
calcifying  somatostatinoma 

Occasional 

Not  associated 

Juvenile  xanthogranuloma 

Occasional 

Not  associated 

Rh  abdomyo  sarcoma 

Occasional 

Not  associated 

Juvenile  leukemia  (CML) 

Occasional 

Not  associated 

fair-skinned  people,  cafe-au-lait  spots  and  freck- 
les are  light  tan,  their  color  truly  resembling  that 
of  coffee  laced  with  milk.  On  the  other  hand,  in 
brown  or  black  individuals,  such  pigmented  le- 
sions are  dark  brown  or  black  (fig.  13-3).  Since 
cafe-au-lait  spots  are  commonly  found  in  normal 
persons  and  in  unrelated  diseases,  such  as  the 
McCune-Albright  syndrome  (polyostotic  fibrous 


dysplasia),  their  size,  contour,  and  number  must 
be  taken  into  account  when  considering  a clinical 
diagnosis  of  NF1  (Table  13-2).  For  instance,  the 
presence  of  six  macules,  each  measuring  at  least 
1.5  cm,  is  required  for  diagnosis  in  an  adult 
patient  (8).  An  equal  number  of  macules  greater 
than  5 mm  in  diameter  is  required  in  prepubertal 
patients  (22a).  The  number  of  cafe-au-lait  spots 
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DIAGNOSTIC  CRITERIA  FOR 
NEUROFIBROMATOSIS  1 

The  patient  should  have  two  or  more  of  the  following: 

1.  Six  or  more  cafe-au-lait  spots 

1.5  cm  or  larger  in  postpubertal  individuals 
0.5  cm  or  larger  in  prepubertal  individuals 

2.  Two  or  more  neurofibromas  of  any  type  or  one 
or  more  plexiform  neurofibroma 

3.  Freckling  in  the  axilla  or  groin 

4.  Optic  glioma  (tumor  of  the  optic  pathway) 

5.  Two  or  more  Lisch  nodules  (benign  iris 
hamartomas) 

6.  A distinctive  bony  lesion 

Dysplasia  of  the  sphenoid  bone 
Dysplasia  or  thinning  of  the  long  bone  cortex 

7.  A first-degree  relative  with  NF1 

*Table  1 from  Gutmann  DH,  Aylsworth  A,  Carey  JC, 
et  al.  The  diagnostic  evaluation  and  multidiscipli- 
nary management  of  neurofibromatosis  1 and  neu- 
rofibromatosis 2.  JAMA  1997;278:51-7. 

and  freckles  may  increase  over  time.  At  diagno- 
sis, nearly  all  patients  have  at  least  one  cafe-au- 
lait  spot  of  diagnostic  size,  and  two  thirds  have 
six  or  more  such  spots  (68).  Although  occasional 
individuals  with  proven  NF1  may  appear  to  have 
few  or  no  cafe-au-lait  spots,  their  presence  may  be 
demonstrated  by  examination  of  the  skin  under 
ultraviolet  light.  The  typical  NF1  facies  includes  a 
broad  forehead,  triangular  face,  and  dark  in- 
fraorbital discoloration  (figs.  13-1, 13-7, 13-19A). 

Pigmented  iris  hamartomas,  termed  Lisch 
nodules,  are  also  a common  feature  of  NF1  (fig. 
13-5)  (36).  Although  perhaps  an  overestimate, 
they  are  thought  to  occur  in  95  percent  of  NF1 
patients  over  6 years  of  age  (34).  Visualized  on 
slit  lamp  examination  as  brown,  frequently  bi- 
lateral nodules,  they  must  be  distinguished  from 
other  nevi  of  the  iris. 

Like  cafe-au-lait  spots,  neurofibromas  are 
hallmark  lesions  of  NF1  (figs.  13-6-13-18).  The 
pathologic  spectrum  of  neurofibromas  is  dis- 
cussed and  illustrated  in  detail  in  chapter  8. 
They  are  composed  not  only  of  Schwann  cells, 
but  of  perineurial-like  cells,  fibroblasts,  and  cells 
with  features  intermediate  between  perineurial- 
like  cells  and  fibroblasts.  This  cellular  heteroge- 
neity has  prompted  some  to  suggest  that  neuro- 


Figure  13-1 

NEUROFIBROMATOSIS  TYPE  1 
(VON  RECKLINGHAUSEN’S  DISEASE) 

AS  DEPICTED  IN  VIRCHOWS’ 
“KRANKHAFTE  GESCHWULSTE,”  1856  (71) 

In  addition  to  the  obvious  cutaneous  neurofibromas, 
most  concentrated  on  the  trunk,  occasional  cafe-au-lait 
spots,  and  massive  “elephantiasis  neuromatosa,”  the  illus- 
tration captures  the  typical  NF1  facies. 


fibromas  are  polyclonal  (15)  and  perhaps  ham- 
artomatous  in  nature.  Recent  evidence  based 
upon  active  and  inactive  X chromosomes  in  the 
individual  tumors  suggests  that  neurofibromas 
are  monoclonal  ( 66 ).  As  currently  understood,  all 
NF1  patients  harbor  one  nonfunctional  NF1 
gene  (germline  mutation)  in  every  cell  in  the 
body  (22).  Neurofibromas  are  assumed  to  arise  as 
a result  of  a second,  somatic  mutation  (22).  There- 
after, malignant  transformation  of  neurofibroma 
to  malignant  peripheral  nerve  sheath  tumor 
(MPNST)  (17)  appears  to  be  related  to  loss  or 
mutation  of  one  or  more  tumor  suppressor  genes. 
As  previously  discussed  in  the  chapter  on  MPNST, 
aberrant  expression  of  the  p53  gene,  a tumor 
suppressor  gene  on  the  short  arm  of  chromosome 
17,  has  been  shown  to  occur  in  the  transition  of 
neurofibroma  to  MPNST  (24,43). 
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Figure  13-2 

CAFE-AU-LAIT  SPOTS  IN  NF1 

Often  oval  or  oblong  in  configuration,  these  hyperpigmented  lesions  are  discrete  and  clearly  demarcated  from  surrounding 
skin.  Subtle  examples  could  easily  be  missed  (left)  whereas  others  are  obvious  (right).  Sharp  demarcation  of  a lesion  in  the 
midline  (right)  suggests  a dermatomal  distribution.  Clinical  experience  suggests  that  hyperpigmentation  extending  across  the 
midline  is  associated  with  an  increased  risk  of  MPNST  development. 


Although  neurofibromas  may  occasionally  be 
present  at  birth,  most  develop  in  later  life.  In 
most  instances  they  first  appear  around  puberty, 
other  lesions  emerging  thereafter.  Hyperpig- 
mentation may  be  seen  overlying  massive  soft 
tissue  neurofibromas  (see  fig.  8-30A),  but  their 
locations  do  not  necessarily  coincide.  Both  pe- 
ripheral and  visceral  nerves  may  be  affected  by 
neurofibromas,  small  nerves  of  skin  and  subcu- 
taneous tissue  are  preferentially  involved.  A sin- 
gle localized  neurofibroma  is  of  no  significance  in 
terms  of  establishing  a diagnosis  of  NF1. 

Four  clinically  and  morphologically  distinct 
variants  of  neurofibroma  occur  in  NF1  (see  chap- 
ter 8):  1)  cutaneous  lesions  of  localized  and  diffuse 
type;  2)  localized  intraneural  tumors  of  peripheral 
nerves;  3)  plexiform  neurofibromas  typically  in- 


volving major  nerve  trunks  (78);  and  4)  massive 
soft  tissue  neurofibromas.  Whereas  solitary  neu- 
rofibromas of  localized  intraneural  type,  even 
sizable  tumors  arising  in  a nerve  root,  are  usually 
sporadic  in  occurrence,  multiple  examples  are  typ- 
ically NFl-associated  (figs.  13-7, 13-8D)  (23).  The 
same  is  true  of  large,  diffuse  cutaneous  neurofi- 
bromas (see  fig.  8-5).  Numerous  localized  cuta- 
neous neurofibromas  (fig.  13-7,  left),  plexiform 
examples  (figs.  13-1,  13-8-13-18),  and  massive 
soft  tissue  variants  (fig.  13-10D;  see  also  fig. 
8-30)  are  generally  considered  diagnostic  ofNFl. 

In  those  instances  in  which  a plexiform  neu- 
rofibroma occurs  in  a patient  without  other  stig- 
mata of  NF1  or  a family  history,  the  tumor  may 
be  the  result  of  a local  somatic  mutation  (55).  The 
latter  mechanism  appears  to  be  the  basis  of 
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Figure  13-3 
FRECKLING  IN  NF1 

Often  affecting  the  axilla  (above),  groin,  or  both,  these  lesions  may  be 
bilateral  or  unilateral.  In  individuals  not  generally  freckled,  their  finding 
is  highly  suggestive  of  NF1.  Nonintertriginous  skin  is  unaffected.  Both 
cafe-au-lait  spots  and  axillary  freckling  may  be  more  deeply  pigmented 
in  blacks  (right). 


Figure  13-4 

CAFE-AU-LAIT  SPOT  IN  NFl 
In  this  example,  in  contrast  to 
most  cafe-au-lait  macules,  there  is 
also  a slight  elongation  of  rete  ridges 
and  a slight  increase  in  the  number  of 
intraepidermal  melanocytes. 


so-called  localized  or  segmental  neurofibromato- 
sis, an  anatomically  limited  form  of  NFl  (53). 
Such  cases  often  feature  cutaneous  or  subcutane- 
ous neurofibromas  as  well  as  cafe-au-lait  spots 
limited  to  one  portion  of  the  body,  typically  one  limb 
or  even  single  dermatome  (fig.  13-11).  These  pa- 
tients do  not  transmit  the  condition  to  their  prog- 
eny and  develop  disease  complications  only  in  the 
distribution  of  the  affected  nerve.  Other  localized 


forms  of  NFl  include  hemifacial  hypertrophy 
(fig.  13-19B,C)  and  visceral  neurofibromatosis 
(see  below).  On  only  slim  evidence,  macro- 
dystrophia lipomatosa  (see  chapter  6)  has  been 
included  by  some  in  the  spectrum  of  localized  NF. 

Visceral  Neurofibromas.  Neurofibromas 
may  affect  viscera  in  a variety  of  ways.  They  may 
be  solitary  or  multiple,  and  sporadic  or  NFl  asso- 
ciated. So-called  visceral  neurofibromatosis  is  a 
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Figure  13-5 

LISCH  NODULES  OF  THE  IRIS  IN  NF1 

Top:  Unlike  iris  freckles,  these  lesions  are  elevated  above  the  surface  of  the  iris.  They  also  affect  the  entire  area  of  the  iris 
rather  than  the  inner  or  outer  circumference. 

Bottom:  A sagittal  section  of  the  eye  shows  the  nodules  to  be  multiple  and  to  lie  on  the  anterior  aspect  of  the  iris. 
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Figure  13-6 

LOCALIZED  CUTANEOUS 
NEUROFIBROMAS  IN  NF1 
Unlike  plexiform  examples,  these  der- 
mal and  subcutaneous  neurofibromas  are 
dome-shaped,  discrete,  and  movable  (A). 
Neurofibromas  affecting  the  palm  or  sole  ( B ) 
are  rare  outside  the  setting  of  NF1  and  are 
thought  to  be  associated  with  an  increased 
risk  of  intracranial  neoplasms.  Neurofibro- 
mas of  the  areola  (C)  may  become  manifest 
or  enlarge  during  pregnancy. 
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Figure  13-7 

INNUMERABLE  LOCALIZED  CUTANEOUS  NEUROFIBROMAS  IN  NF1 
Left:  Such  nodular  to  pedunculated  cutaneous  examples  most  often  affect  the  trunk. 

Right:  Neurofibromatosis  1 is  occasionally  associated  with  typical  facial  features,  including  a triangular  configuration,  a 
broad  forehead,  and  deep-set  eyes  with  infraorbital  discoloration  (see  fig.  13-1). 


rare  condition  in  which  patients  often  exhibit  few 
external  manifestations  of  NF1.  The  basis  of 
visceral  neurofibromatosis  is  unclear  but  it  may 
be  a reflection  of  anatomically  selective  NF1  gene 
expression  or  nerve  growth  factor  effect  (18). 
Aside  from  visceral  neurofibromatosis  as  the 
sole  manifestation  of  NF1,  various  organ  sys- 
tems may  be  affected  in  the  generalized  form  of 
the  disease  (figs.  13-12-13-18).  Primarily  in- 
volved is  the  gastrointestinal  tract,  which  shows 
great  case-to-case  variation  (figs.  13-13-13-16) 
(18,27).  The  upper  gastrointestinal  tract  (esopha- 
gus, stomach,  and  small  bowel)  is  most  often  af- 
fected (fig.  13-14;  see  also  fig.  8-150,  but  colonic 
and  rectal  lesions  may  also  be  seen  (fig.  13-16,  left). 
Hepatic  neurofibromas  have  also  been  reported 
(fig.  13-16,  right)  (38,50).  Urinary  bladder  in- 
volvement is  rare  (figs.  13-17,  13-18). 


The  spectrum  of  NFl-associated  gastrointes- 
tinal lesions  includes  ganglioneuromatosis,  neu- 
rofibromas of  both  localized  and  plexiform  type, 
gastrointestinal  stromal  tumors,  and  various 
neuroendocrine  neoplasms.  Ganglioneuromatosis, 
subtle  or  focal  and  localized  or  diffuse,  results  in  a 
Hirschsprung-like  picture  in  children  and  in 
pseudo-obstruction  or  megacolon  in  adults.  It  is 
characterized  by  an  increase  in  ganglion  cells  and 
their  processes  which  affects  primarily  the  sub- 
mucosal plexus.  When  impressive,  “giant  gan- 
glia” may  form.  As  in  multiple  endocrine  neopla- 
sia (MEN)  lib,  the  mucosa  may  also  be  involved, 
particularly  the  lower  lamina  propria  (see  fig.  5- 
15C).  The  degree  to  which  the  myenteric  plexus  is 
affected  varies  from  markedly  hypertrophic  to  di- 
minished (18).  The  distinction  of  NF1  and  MEN 
lib-associated  ganglioneuromatosis  is  discussed 
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Figure  13-8 

PLEXIFORM  NEUROFIBROMA 

Soft  and  compressible,  these  lesions  are  often  likened  to  a ‘Bag  of  worms”  (A).  Large  plexiform  neurofibromas  massively  enlarge 
nerves  and  often  have  intervening  diffuse  neurofib romatous  tissue  ( B ).  Distal  lesions,  such  as  this  median  nerve  tumor  ( C ) may  produce 
massive  digital  enlargement  (‘localized  gigantism”).  Neurofibromatous  involvement  of  multiple  spinal  nerve  roots  is  limited  to  NF1. 
Note  the  abrupt  tapering  of  affected  nerves  as  the  process  approaches  the  transition  zone  to  spinal  cord  ( D).  (C,D:  Figs.  3.437  and  3.441 
from  Okazaki  H,  Scheithauer  BW.  Atlas  of  neuropathology,  1988.  With  permission  from  the  Mayo  Foundation.) 


in  chapter  5.  Neurofibromas  in  the  gastrointes- 
tinal tract  usually  occur  in  the  stomach  and 
small  bowel.  Unlike  solitary,  often  sporadic  ex- 
amples, those  of  NF1  are  often  multiple  or 
grouped  (fig.  13-14)  or  are  large  and  diffuse  with 
transmural  involvement  and  a plexiform  compo- 
nent (fig.  13-15).  The  latter  often  include  the 
presence  of  mucosal  ganglion  cells.  The  plexi- 
form component  varies  considerably  in  size  and 
extent,  but  often  involves  both  the  submucosal 


and  myenteric  plexuses  as  well  as  the  serosa.  In 
a superficial  biopsy,  the  microscopic  distinction 
between  such  lesions  and  the  ganglioneuromato- 
sis  described  above  may  be  difficult.  Much  less 
common  are  visceral  neurofibromas  affecting  the 
heart  ( 52 ),  larynx  (51),  or  genitourinary  tract  ( figs. 
13-17,  13-18).  Multiple  intestinal  neurofibromas 
unassociated  with  NF1  have  been  described  in 
association  with  a reciprocal  translocation  of 
chromosomes  12  and  14  (6a, 70).  In  addition  to 
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Figure  13-9 

NEUROFIBROMA  OF 
MUCOUS  MEMBRANES  IN  NF1 
Illustrated  are  an  unbiopsied,  presumably  plexi- 
form  neurofibroma  that  produced  nodularity  of  the 
conjunctival  mucosa  (A)  and  a similar  tumor  of  the 
tongue.  Lesions  of  the  tongue  may  be  relatively  local- 
ized ( B ) or  extensive  ( C ),  extending  down  through  the 
root  of  the  tongue  into  the  neck.  Such  extensive 
lesions  may  interfere  with  glutition  and  cause  severe 
disability.  The  facial  features  of  this  severely  affected 
patient  are  illustrated  in  fig.  13-18C. 


neurofibroma,  rare  examples  of  visceral  pur- 
ported MPNST  ( 19,20,33 ) and  of  leiomyoma  ( 18, 
27)  have  also  been  reported  in  NF1.  Patients 
with  neurofibromatosis  are  also  prone  to  develop 
gastrointestinal  stromal  tumors  (GIST).  One 
variant,  termed  gastrointestinal  autonom  ic  nerve 
tumor  (GANT),  represents  a sizable  proportion 
of  NFl-associated  examples  (fig.  13-20)  (26,32, 
44,45,60,62,75,77).  Most  GANTs  affect  the  small 
bowel  and  stomach.  GANTs  are  composed  of 
spindle  and  epithelioid  cells  occasionally  exhib- 
iting whorling,  and  are  commonly  immunoreac- 
tive  for  neuron-specific  enolase,  occasionally  for 
neurofilament  protein,  and  rarely  for  syn- 
aptophysin  or  S-100  protein  ( 12).  Although  GANT 


and  other  GISTs  were  once  thought  to  be  derived 
from  cells  of  the  myenteric  plexus  (4,77),  recent 
work  has  shown  the  majority  of  them  to  have 
immunophenotypic  characteristics  of  the  intes- 
tinal interstitial  cells  of  Cajal  (26a, 31a).  These 
characteristics  include  staining  for  CD117  (c-kit) 
and  CD34.  Ultrastructurally,  GANTs  feature 
processes  with  synapse-like  terminations, 
dense-  core  granules,  and  vesicles  (12,26,32,75). 
So-called  skeinoid  fibers  (44,45)  are  seen  in  some 
of  the  tumors.  As  a whole,  GISTs  are  clinically 
aggressive,  with  recurrence,  peritoneal  seeding, 
and  distant  metastases  ( 32 ).  A variety  of  gastro- 
intestinal neuroendocrine  tumors  are  also  asso- 
ciated with  NF1  (Table  13-1). 
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Figure  13-10 

MASSIVE  NEUROFIBROMAS  IN  NF1 
These  soft  tissue  lesions  range  from  plaques  (A)  to  cape-like  flaps  (B) 
and  pendulous  facial  lesions  (C).  Only  rarely  do  massive  diffuse  examples 
affect  an  entire  limb,  a lesion  once  referred  to  as  “elephantiasis  neu- 
romatosa” (D)  (see  also  fig.  13-1).  Microsections  of  massive  soft  tissue 
neurofibromas  typically  consist  of  both  diffuse  and  plexiform  components. 


Other  NF1  -Associated  Tumors.  Miscella- 
neous tumors  associated  with  NF1  include  bilat- 
eral pheochromocytoma,  duodenal  paragangli- 
oma and  carcinoid  tumor  ( 10,63,67 ),  rhabdomyo- 
sarcoma (29),  juvenile  chronic  myelogenous  leu- 
kemia (fig.  13-16,  right)  (46,80),  juvenile  xantho- 


granuloma  (46,80),  and  nonossifying  fibroma  of 
bone  (fibrous  cortical  defect). 

NF1  and  the  Central  Nervous  System. 
Among  central  nervous  system  (CNS)  neoplasms, 
nearly  all  are  neuroectodermal  in  nature.  Astro- 
cytomas are  by  far  the  most  common  and  include 
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Figure  13-11 
SEGMENTAL 
NEUROFIBROMATOSIS 
Localized  to  one  body  part  or  even  a 
single  dermatome,  this  rare  variant  of 
NF1  results  from  a local  somatic  muta- 
tion. This  example  affects  a portion  of 
the  trigeminal  nerve  distribution. 


Figure  13-12 

VISCERAL  PLEXIFORM  NEUROFIBROMAS  IN  NF1 

Although  plexiform  tumors  usually  arise  in  soft  tissues  where  they  resemble  a “bag  of  worms,”  nerves  in  body  cavities  and 
viscera  may  also  be  affected.  Illustrated  here  are  two  examples,  including  an  extensive  plexiform  neurofibroma  involving  the 
right  vagus  nerve  and  its  branches  (left),  and  one  involving  the  posterior  trachea  (right). 
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Figure  13-13 

VISCERAL  PLEXIFORM  NEUROFIBROMAS  IN  NF1 
A plexiform  tumor  affecting  the  muscularis  of  the  esophagus 
(left).  Another  example  fills  the  small  bowel  mesentery  (below). 
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Figure  13-14 

GASTROINTESTINAL  NEUROFIBROMAS  IN  NFl 

Such  lesions  are  usually  multifocal  as  illustrated  by  a patient  with  numerous  gastric  mucosal  examples  (left)  and  a jejunal 
submucosal  example  (right). 
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Figure  13-15 

SMALL  BOWEL  NEUROFIBROMAS  IN  NF1 

This  27-year-old  female  presented  with  small  bowel  obstruction.  Note  the  abrupt  transition  of  normal  to  markedly  enlarged 
small  bowel  (A,B),  coarsening  of  mucosal  folds  (C),  and  the  presence  of  an  obvious  plexiform  component  in  the  serosa  (D). 
Microsections  show  involvement  of  the  mucosa  by  ganglioneuromatous  tissue  (E),  diffuse  and  plexiform  intraneural  involve- 
ment of  the  submucosa  (F),  myenteric  plexus  over-run  by  tumor  (G),  and  serosal  and  intramuscular  plexiform  neurofibroma 
(H).  (Courtesy  of  Dr.  W.  Stahr,  Cape  Giradeau,  MO.) 
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Figure  13-15 

unilateral  or  bilateral  optic  gliomas  (fig.  13- 
21A,B),  the  most  frequently  occurring  glioma  in 
NF1  (5,6,9,34,35,39,40),  as  well  as  cerebral  (30, 
58),  brain  stem,  and  cerebellar  examples  (1,30, 
42,49,59,74).  The  majority  are  pilocytic  astro- 
cytomas. Given  the  presence  of  optic  gliomas  in 
as  many  as  15  percent  of  patients,  as  well  as  their 
early  age  at  presentation  (80  percent  are  diag- 
nosed by  age  11  when  computerized  tomography 
[CT]  scans  are  routinely  performed),  such  tu- 


( Continued) 


mors  are  an  important  element  in  the  diagnosis  of 
NF1  (35).  They  may  involve  the  intraorbital  optic 
nerve,  the  chiasm,  or  both.  Bilateral  optic  nerve 
gliomas  are  said  to  occur  only  in  NF1  (7).  In  addi- 
tion to  pilocytic  astrocytomas,  which  are  relatively 
benign  and  preferentially  affect  the  optic  appara- 
tus (fig.  13-21A,B),  thalamus  (fig.  13-21C),  and 
cerebellum,  ordinary  diffuse  or  fibrillary  astro- 
cytomas also  occur  in  the  setting  of  NF1.  Of 
these,  fully  half  exhibit  malignant  behavior  (30). 
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Figure  13-16 

GASTROINTESTINAL  TRACT  NEUROFIBROMAS  IN  NF1 
Left:  Superficial  biopsies,  such  as  of  the  colon,  may  show  infiltration  of  the  lamina  propria  and  muscularis  mucosa. 

Right:  Hepatic  involvement  is  rare;  note  the  coexisting  infiltrate  of  juvenile  chronic  myelogenous  leukemia.  (Courtesy  of 
Dr.  J.  Ludwig,  Rochester,  MN. ) 


Although  tumors  of  the  CNS  are  relatively  com- 
mon in  NF1,  they  differ  both  in  type  and  distri- 
bution from  those  of  NF2  (Table  13-1). 

Patients  with  NF1  also  develop  neuroglial 
hamartomas  or  malformations  such  as  gliofibril- 
lary  nodules  (fig.  13-2 ID)  (58),  retinal  glial  ham- 
artomas, and  aqueductal  stenosis.  Other  abnor- 
malities encountered  in  association  with  NF1 
include  macrocephaly,  short  stature,  learning 
disabilities,  epilepsy,  and  hydrocephalus.  In  ad- 
dition to  the  endocrine  effects  of  pheochromo- 
cytoma,  endocrinopathy  in  the  setting  of  NF1 
also  includes  precocious  puberty.  Both  are  per- 
haps due  to  hypothalamic  dysfunction. 

Miscellaneous  NFl-Associated  Lesions. 
Less  frequently  occurring  manifestations  of  NF1 
are  skeletal  and  other  mesodermal  dysplasias. 
The  bony  dysplasias  include  “scalloping”  of  ver- 


tebral bodies  (fig.  13-22A);  kyphoscoliosis  (fig. 
13-22B,C),  anteroposterior  indentation  or  fusion 
of  vertebrae;  overgrowth  of  long  bones;  dysplas- 
tic  underdevelopment  of  long  bones  with  tibial 
bowing,  bone  cysts,  fractures,  and  orbital  malfor- 
mation due  to  dysplasia  or  absence  of  portions  of 
the  sphenoid  or  frontal  bones  (fig.  13-19A,B), 
which  result  in  facial  asymmetry  and  proptosis; 
and  pseudoarthroses  (40).  Massive  osseous  and 
soft  tissue  overgrowth  may  be  particularly  dis- 
figuring (fig.  13-19C,D).  Congenital  pseudo- 
arthroses, 50  to  90  percent  of  which  occur  in  NF1, 
affect  primarily  the  tibia  and  fibula  (13).  Lower 
thoracic  acute-angular  scoliosis  occurs  almost  ex- 
clusively in  NF1  (28,69).  Mesodermal  dysplasias 
also  affect  arteries  (14,21,54,61),  wherein  they 
produce  a range  of  intimal  changes  including 
hyperplasia  and  fibrosis  (61),  which  result  in 
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Figure  13-17 

NEUROFIBROMA  OF  URINARY  BLADDER  IN  NF1 
Top:  A conspicuous  feature  of  this  case  was  the  diffuse  presence  of  pseudo-meissnenan  corpuscles  beneath  the 
Bottom:  The  corpuscle-like  structures  are  strongly  immunoreactive  for  S-100  protein. 


urothelium. 
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Figure  13-18 

NEUROFIBROMA  OF  URINARY  BLADDER  IN  NF1 

Note  the  diffuse  involvement  of  the  mucosa  (A;  B,  S-100  protein  stain)  and  serosal  plexiform  neurofibroma  involving  an 
autonomic  ganglion  (C;  D,  S-100  protein  stain). 
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Dysplasia  of  the  sphenoid  with  enlargement  of  the  supe- 
rior orbital  fissure  (B)  often  results  in  facial  asymmetry  and 
proptosis  (A).  Massive  hemifacial  skeletal  and  soft  tissue 
overgrowth  may  also  be  seen  in  NF1  (C).  Such  extreme 
examples  are  rare.  The  osseous  abnormalities  are  clearly 
evident  on  radiographs  (D).  The  affected  tongue  of  this 
patient  is  illustrated  in  fig.  13-9C. 


Figure  13-19 

OSSEOUS  DYSPLASIAS  IN  NF1 
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Figure  13-20 

GASTROINTESTINAL  STROMAL  TUMOR  IN  NF1 

Such  lesions  are  frequently  of  the  gastrointestinal  autonomic  nerve  tumor  (GANT)  type,  arise  in  muscularis  propria,  and 
occupy  the  subserosa.  Their  histologic  pattern  varies  considerably  (A).  Immunoreactivity  for  CD117  is  characteristic  (B,  top) 
as  are  skeinoid  fibers  which  are  PAS  positive  (B,  bottom).  Ultrastructurally,  neurite-like  cytoplasmic  processes  contain  variable 
numbers  of  fine  filaments,  vesicles,  and  dense  core  neurosecretory-type  granules  (C,  X23,900).  Note  the  skeinoid  fibers  in  the 
extracellular  space  (D,  X48,300). 
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Figure  13-21 

ASTROCYTOMAS  IN  NF1 

Most  common  are  “optic  nerve  gliomas,”  nearly  always  low-grade  tumors  of  pilocytic  type.  Such  lesions  may  be  bilateral  (A) 
and  often  involve  both  the  optic  nerve  and  fill  its  surrounding  leptomeningeal  space,  a pattern  typical  of  but  not  limited  to  patients 
with  NF1  (B).  Yet  another  favored  location  of  pilocytic  astrocytoma  in  NF1  is  the  thalamus  (C).  Glioneuronal  hamartomas  composed 
of  dysmorphic  neurons  and  astrocytes  (D)  are  also  seen.  (Courtesy  of  Dr.  L.  Zimmerman,  Washington,  D.C.)  (C,D:  Figs.  3.495  and 
3.498  from  Okazaki  H,  Scheithauer  BW.  Atlas  of  neuropathology,  1988.  With  permission  from  the  Mayo  Foundation. ) 


vascular  stenosis  (fig.  13-23)  (16)  or  the  forma- 
tion of  aneurysms  (41).  Several  examples  of  re- 
novascular hypertension  in  patients  with  NF1 
have  been  attributed  to  such  intimal  prolifera- 
tion (11,25).  Hypertrophic  (obstructive)  cardio- 
myopathy, also  a hamartomatous  lesion,  is  an 
uncommon  feature  of  NF1. 


NEUROFIBROMATOSIS  2 (NF2) 

Also  termed  central  or  bilateral  acoustic  neu- 
rofibromatosis, NF2  is  inherited  in  an  autosomal 
dominant  manner  and  exhibits  a penetrance  of 
almost  100  percent  by  age  60  (85a).  Fifty  percent 
of  the  cases  represent  new  mutations  (86).  The 
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Figure  13-22 
THE  SPINE  IN  NF1 

Abnormalities  range  from  mild  to  marked.  Scalloping  of 
vertebral  bodies  is  here  shown  in  association  with  widening 
of  the  spinal  canal  (A).  Kyphoscoliosis,  a common  manifes- 
tation of  NFl  (B),  is  usually  related  to  dysplasia  of  vertebral 
bodies  (C). 


mutation  underlying  the  condition  is  on  chromo- 
some 22  ( 100 ) and  lies  near  the  middle  of  its  long 
arm  at  22ql2  (99,105).  The  NF2  gene  has  been 
cloned  (99,105).  It  spans  110  kb  of  genomic  DNA, 
and  encodes  a member  of  the  protein  4.1  family 
termed  merlin  (schwannomin),  the  function  of 
which  may  be  to  mediate  communication  be- 
tween the  extracellular  milieu  and  the  cyto- 
skeleton  (94). 


NF2  is  less  common  than  NFl  and  shows  a 
population  incidence  of  1 in  40,000.  Most  patients 
present  in  the  second  or  third  decade,  but  some 
are  “late  onset”  (85a).  In  many  instances,  it  is  a 
far  more  devastating  disease  than  NFl.  Aclini- 
copathologic  comparison  of  both  forms  of  neu- 
rofibromatosis is  presented  in  Table  13-1.  His- 
torically (88a),  a clinical  diagnosis  of  NF2  was 
made  if  a patient  had  either  bilateral  8th  cranial 
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nerve  schwannomas  or  otherwise  fulfilled  the  cri- 
teria listed  in  Table  13-3.  Such  criteria,  however, 
are  weighted  toward  familial  cases  and  the  pres- 
ence of  bilateral  8th  cranial  nerve  schwannomas, 
tumors  that  may  present  years  after  the  appearance 
of  other  tumors  common  in  NF2.  For  this  reason, 
Evans  et  al.  (1992)  (86)  and  Gutmann  et  al.  (1997) 
(88a)  suggested  adoption  of  additional  criteria  for 
the  diagnosis.  Unlike  in  patients  with  NF1,  cafe- 
au-lait  spots,  when  present  in  NF2,  are  small  and 
few  in  number  (95).  Furthermore,  cutaneous  neu- 
rofibromas are  rare  in  NF2  (95);  instead,  patients 
develop  multiple  schwannomas  (89).  No  Lisch  nod- 
ules are  noted,  but  posterior  subcapsular  cataracts 
occur  in  60  to  80  percent  of  patients  (84,97a). 

The  hallmark  of  NF2  is  the  occurrence  of 
bilateral  acoustic  schwannomas  (fig.  13-24)  (83, 
92),  the  symptoms  of  which  appear  at  a wide 
range  of  ages  only  rarely  before  puberty  (84).  As 
previously  noted,  disease  severity  varies.  These 
genotype-phenotype  correlations  are  also  re- 
flected in  age  of  onset  (96a,  10 la).  Since  the  tu- 
mors actually  arise  from  the  vestibular  branch 
of  the  8th  cranial  nerve,  the  recommended  desig- 
nation is  vestibular  schwannoma  (86).  Virtually 
all  vestibular  schwannomas  are  benign  (83),  but 
less  than  1 percent  invade  bone.  Although  bilateral 
in  most  patients,  they  often  present  meta- 
chronously  with  years  elapsing  before  the  appear- 
ance of  symptoms  of  the  second  tumor.  Schwan- 
nomas in  patients  with  NF2  affect  sites  similar  to 


This  lesion,  characterized  by  subintimal  proliferation,  mild 
inflammation,  and  partial  attenuation  of  the  media,  was  as- 
sociated with  cortical  infarction  of  the  temporal  lobes.  (Fig. 
3.505  from  Okazaki  H,  Scheithauer  BW.  Atlas  of  neuropathol- 
ogy, 1988.  With  permission  from  the  Mayo  Foundation. ) 


Table  13-3 

DIAGNOSTIC  CRITERIA  FOR  NEUROFIBROMATOSIS  2 (NF2)* 


Individuals  with  the  following  clinical  features  have  confirmed  (definite)  NF2: 

Bilateral  vestibular  schwannomas  (VS) 
or 

Family  history  of  NF2  (first-degree  family  relative 
plus 

1.  Unilateral  VS  <30  years  or 

2.  Any  2 of  the  following:  meningioma,  glioma  schwannoma,  juvenile  posterior  subcapsular  lenticular 
opacities/juvenile  cortical  cataract 

Individuals  with  the  following  clinical  features  should  be  evaluated  for  NF  (presumptive  or  probable  NF2): 

Unilateral  VS  <30  years  plus  at  least  one  of  the  following:  meningiomas,  glioma,  schwannoma,  juvenile 
posterior  subcapsular  lenticular  opacities/juvenile  cortical  cataract 

Multiple  meningiomas  (2  or  more)  plus  unilateral  VS  <30  years  or  one  of  the  following:  glioma,  schwannoma, 
juvenile  posterior  subcapsular  lenticular  opacities/juvenile  cortical  cataract 


"Table  2 from  Gutmann  MD,  Aylsworth  A,  Carey  JC,  et  al.  The  diagnostic  evaluation  and  multidisciplinary 
management  of  neurofibromatosis  1 and  neurofibromatosis  2.  JAMA  1997;278:51-7. 
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Figure  13-24 

MULTIPLE  SCHWANNOMAS  IN  NF2 
Multiple  schwannomas  in  NF2  include  bilateral  acoustic 
tumors,  here  shown  on  CT  scan  with  contrast  (left)  and  at 
autopsy  (right),  as  well  as  multiple  cranial  or  spinal  nerve 
root  schwannomas.  (Top:  Courtesy  of  Dr.  P.  C.  Burger,  Bal- 
timore, MD.)  (Bottom:  Fig.  3.490  from  Okazaki  H,  Scheit- 
hauer  BW.  Atlas  of  neuropathology,  1988.  With  permission 
from  the  Mayo  Foundation.) 


those  of  sporadic  tumors,  but  may  show  several 
unusual  features  such  as  multifocality  within  a 
nerve  (figs.  13-24,  right,  13-25),  a distinctly  nodular 
microscopic  growth  pattern  (103),  an  association 
with  peritumoral  arachnoidal  cell  proliferation 
(88),  and  the  rare  occurrence  of  a mixed  schwan- 
noma-meningioma phenotype  (88).  Cutaneous 
sch  wannomas  occur  in  approximately  50  percent 
of  NF2  patients;  their  prevalence  and  number 
vary  with  disease  severity  (95).  Although  some 
have  a plexiform  pattern  of  growth,  neither  plexi- 
form  neurofibroma  nor  plexiform  schwannoma  are 
considered  components  of  NF2.  On  rare  occasion, 
peripheral  nerves  show  widespread  nodular  en- 
largement in  the  setting  of  a distal  symmetric 
sensorimotor  neuropathy  (96,104).  It  is  of  note 
that  the  majority  of  sporadic  schwannomas  also 
show  mutations  in  the  NF2  gene  (91). 

Meningiomas  frequently  coexist  with  vestibu- 
lar schwannoma  and  occur  in  a majority  of  pa- 
tients. On  occasion,  multiple  meningiomas  are 
the  only  feature  of  NF2  (81).  They  arise  early  in 
life,  are  commonly  multifocal,  and  sometimes 
assume  the  form  of  “meningiomatosis”  in  which 
diffuse  or  multifocal  lesions  involve  both  the 
cranial  and  spinal  meninges  (fig.  13-26).  None- 
theless, multifocal  meningiomas  are  not  patho- 


gnomonic of  NF2.  Studies  of  their  distribution 
show  that  meningiomas  occurring  in  NF2  are 
intracranial  in  54  percent  of  cases,  intracranial 
and  intraspinal  in  42  percent,  and  solely  intraspi- 
nal  in  4 percent  (98).  The  fibrous  variant  of 
meningioma  occurs  with  greater  frequency  in 
NF2  than  among  sporadic  meningiomas.  No  in- 
crease in  atypical  or  malignant  meningiomas 
has  been  observed.  As  with  schwannomas,  spo- 
radic meningiomas  exhibit  mutations  of  the  NF2 
gene,  an  occurrence  highly  associated  with  alle- 
lic loss  of  chromosome  22  (93,106).  Also  NF2 
associated  is  meningoangiomatosis  (90),  a rare 
lesion  in  which  meningothelial  cells  surrounding 
leptomeningeal  and  cortical  vessels  form  single 
or  multiple  plaque-like  lesions  that  literally  re- 
place a segment  of  cerebral  cortex  (fig.  13-27A,B). 
Some  are  associated  with  an  overlying  coarse  cal- 
cification which  often  occupies  a sulcus  (fig.  13- 
27C).  Similar  calcifications  may  also  occur  in  iso- 
lation and  unassociated  with  NF2  (82). 

Gliomas  occur  less  commonly  than  acoustic 
schwannomas  and  meningiomas,  and  involve  the 
spinal  cord  or,  less  frequently,  the  cerebrum  or 
cerebellum.  Seventy  percent  of  these  are  ependy- 
momas, which  often  present  as  multiple  lesions 
with  a predilection  for  the  cervical  and  thoracic 
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Figure  13-25 

MULTIPLE  SCHWANNOMAS  IN  NF2 
Multiple  cranial  or  spinal  nerve  root  schwannomas 
shown  arising  in  cauda  equina  nerve  roots.  (Right:  H&E- 
Luxol-fast  blue)  (Above:  Fig.  3.492  from  Okazaki  H, 
Scheithauer  BW.  Atlas  of  neuropathology,  1988.  With  per- 
mission from  the  Mayo  Foundation.  Right:  Courtesy  of  Dr. 
P.  C.  Burger.  Baltimore,  MD.) 


Figure  13-26 

MULTIPLE  MENINGIOMAS  IN  NF2 

Such  lesions  sometimes  cover  the  inner  aspect  of  the  dura.  (Fig.  3.494  from  Okazaki  H,  Scheithauer  BW.  Atlas  of 
neuropathology,  1988.  With  permission  from  the  Mayo  Foundation.) 
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Figure  13-27 

MENINGO  ANGIOMATOSIS 

Although  this  example  was  not  NF2  associated,  such  lesions  do  show  a distinct  association  with  that  disorder.  Fully  formed, 
they  consist  of  a firm  pale  cortical  ribbon  and  an  overlying  leptomeningeal  calcification  (A).  The  cortex  is  largely  replaced  by 
arachnoidal  cells  associated  with  an  increased  vasculature  (B).  The  often  multinodular  leptomeningeal  calcification,  which 
also  may  show  osseous  metaplasia,  typically  demonstrates  peripheral  hypercellularity  (C).  (A:  Fig.  3.503  from  Okazaki  H, 
Scheithauer  BW.  Atlas  of  neuropathology,  1988.  With  permission  from  the  Mayo  Foundation.) 
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Figure  13-28 

MULTIPLE  SPINAL  CORD 
EPENDYMOMAS  IN  NF2 
This  whole  mount  longitudinal 
section  of  the  spinal  cord  shows  tumors 
forming  numerous  demarcated  lesions 
of  varying  size.  (Fig.  3.497  from 
Okazaki  H,  Scheithauer  BW.  Atlas  of 
neuropathology,  1988.  With  permis- 
sion from  the  Mayo  Foundation.) 


spinal  cord  (fig.  13-28)  (98).  Ependymomas  may 
involve  the  filum  terminale,  a site  also  prone  to 
the  development  of  multiple  schwannomas. 
Pilocytic  or  diffuse  fibrillary  astrocytomas  of  optic 
nerve,  brain  stem,  cerebellum,  or  cerebrum  are  far 
more  commonly  encountered  in  NF 1.  Patients  with 
NF2  are  also  prone  to  develop  dysplastic  lesions  of 
the  CNS,  albeit  ones  unassociated  with  mental  re- 
tardation. These  include  multiple  glial  micro- 
hamartomas often  affecting  the  cerebral  cortex, 
cellular  ependymal  ectopias  frequently  involving 
the  spinal  cord,  intramedullary  schwannosis,  and 
syringomyelia  (97,101,108.)  Such  lesions  are  not 
considered  preneoplastic.  Other  CNS  lesions  in 
NF2  include  cerebral,  cerebellar,  periventricu- 
lar, and  choroid  plexus  calcifications  (102). 

The  majority  of  patients  with  NF2  die  from 
complications  of  the  disorder  (86).  Some  do  so  2 to 
3 years  after  the  onset  of  symptoms,  although  the 
majority  survive  for  longer  periods,  even  into  late 
middle  age.  There  appear  to  be  two  distinct 
clinical  presentations.  The  type  described  by 
Wishart  (109)  is  characterized  by  early  onset 


multiple  tumors  in  addition  to  bilateral  vestibu- 
lar schwannomas,  and  a rapid  disease  course 
(85,86).  In  the  Gardner-Frazier  type  (87),  the 
onset  is  late,  the  course  is  more  protracted,  and 
there  are  only  bilateral  vestibular  schwannomas 
(85,86).  A 1971  study  of  55  members  of  an  NF2 
kindred  with  bilateral  acoustic  schwannomas 
(110)  found  that  71  percent  of  the  38  patients  in 
whom  a cause  of  death  was  known  died  of  bilat- 
eral acoustic  schwannomas.  Death  was  vari- 
ously due  to  impingement  of  the  tumor  upon  the 
brain  stem,  elevated  intracranial  pressure,  or  to 
complications  of  surgery.  Given  the  advances 
made  in  neurosurgical  techniques,  fewer  pa- 
tients today  die  as  a result  of  acoustic  schwan- 
nomas. The  second  major  cause  of  death,  and 
currently  the  most  difficult  to  treat,  is  spinal 
ependymoma,  which  usually  occurs  in  the  cervi- 
cal and  thoracic  levels.  Slowly  progressive 
growth  of  these  often  multiple  tumors  leads  to 
destruction  of  the  spinal  tracts  that  innervate 
the  respiratory  system. 
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Adenoma,  adrenal,  spinal  nerve  root,  293,  295 
Adipose  lesions  affecting  nerve,  99 
Amyloidoma  of  nerve,  295,  298 
Anatomy,  peripheral  nervous  system,  7,  10 
Angiomatosis  of  nerve,  289,  291,  292 
Angiosarcoma  of  nerve,  289 
Angulate  bodies,  250,  253 
Antoni  A and  B patterns,  116,  118,  119,  133,  135 
Appendicopathy,  mucosal  neurogenic,  see  Neuroma, 
appendiceal 
Astrocytomas,  395,  405 
Auerbach’s  or  myenteric  plexus,  21 

Bednar  tumor,  213,  214 
Blood  nerve  barrier,  11 

Cafe-au-lait  spots,  386,  388,  389 
Carcinoid  tumor,  395 

Cardiomyopathy,  hypertrophic  (obstructive),  405 
Carney’s  complex,  107,  158,  160 

Cell  nests,  tactile-like  differentiation,  see  Perineurial- 
like  cells 

Central  acoustic  neurofibromatosis,  see  Neurofibro- 
matosis 2 (NF2) 

Charcot-Marie-Tooth  disease,  87 
Choristoma,  neuromuscular 
clinical  features,  99 
definition,  97 

differential  diagnosis,  101,  100,  102 
general  comments,  97 
gross  findings,  99 

immunohistochemical  findings,  101 
microscopic  findings,  99,  100 
treatment  and  prognosis,  103 
ultrastructural  findings,  101 
Composite  tumors,  260 

Corpuscle,  neuroma  hyperplasia,  see  Neuroma,  pacinian 

Cowden’s  disease,  83 

Cyst,  mucinous  ganglion,  see  Cyst,  nerve 

Cyst,  nerve 

clinical  features,  46 
definition,  46 
differential  diagnosis,  48 
general  comments,  46,  47-49 
gross  findings,  47,  47,  48 
immunohistochemical  findings,  48,  49 
microscopic  findings,  47,  47-50 
treatment  and  prognosis,  48 
ultrastructural  findings,  48 

Dejerine-Sottas  disease,  87 
Development,  peripheral  nervous  system,  7 
Differential  diagnosis,  peripheral  nerve  lesions,  4,  5 
Dysplastic  lesions,  400 

Ectomesenchyme,  99,  337 
Endometriosis,  sciatic  nerve,  50,  51,  52 


Endoneurium,  11,  11,  13 
Epineurium,  10,  10,  11 
Epulis,  254 

Fibroblasts,  212,  213 

Fibrolipomatosis,  see  Hamartoma,  lipofibromatous 
Fibroma,  nonossifying  (fibrous  cortical  defect),  395 
Fluorescent  in  situ  hybridization  (FISH),  229,  229 
Freckling,  385,  389 

Ganglia 

autonomic,  18,  19-21 
dorsal  root,  18,  18,  19 
parasympathetic,  21,  21 
sensory,  17,  17,  18 
sympathetic,  18,  19,  20 
Ganglioneuroblastoma,  348 
Ganglioneuroma 

clinical  features,  260 
definition,  259 

differential  diagnosis,  270,  274-277 
general  comments,  259 
gross  findings,  261,  261-264 
immunohistochemical  findings,  267,  272,  273 
microscopic  findings,  262,  265-271 
radiographic  findings,  261 
treatment  and  prognosis,  276 
ultrastructural  findings,  267,  270,  273 
Ganglioneuroma,  immature,  270,  275 
Ganglioneuroma,  solitary  polypoid  intestinal,  83,  85 
Ganghoneuroma-pheochromocytoma,  composite,  260,  264 
Ganglioneuromatosis,  83,  86 
Ganglioneuromatosis,  intestinal,  of  MEN  IIB,  see 
Neuroma,  mucosal 

Ganglioneuromatous  maturation,  261,  264 
Gardner-Frazier  type,  411 

Gastrointestinal  autonomic  nerve  tumor  (GANT),  394,  404 
Gastrointestinal  stromal  tumors,  324,  392,  404 
Gliomas,  399,  405 
Glomus  tumor,  289,  292 
Granular  cell  tumor,  benign 

clinical  features,  248,  249,  250 
definition,  248 
differential  diagnosis,  254 
general  comments,  248 
gross  findings,  249,  249,  250 
immunohistochemical  findings,  252,  256,  257 
microscopic  findings,  249,  251-256 
treatment  and  prognosis,  259 
ultrastructural  findings,  252,  258,  259 
Granular  cell  tumor,  congenital,  254 
anatomy,  7,  10 
development,  7 
microanatomy,  10 
Granular  cell  tumor,  malignant 
clinical  features,  361 
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definition,  358 
differential  diagnosis,  364 
electron  microscopic  findings,  364,  364 
general  comments,  358 
gross  findings,  361,  362 
histologic  findings,  361,  362,  363 
immunohistochemical  findings,  361,  362,  363 
treatment  and  prognosis,  364 
Gross  anatomy,  7,  8,  9 

Hamartoma,  lipofibromatous 
definition,  95 

differential  diagnosis,  95,  98 
general  comments,  95,  96 
gross  findings,  95,  97 
microscopic  findings,  96,  97 
treatment  and  prognosis,  96 
ultrastructural  findings,  95 

Hamartoma,  neuromuscular,  see  Choristoma,  neuromuscular 
Hamartoma  of  the  scalp,  284 
Hemangioblastoma,  291,  294 
Hemangioma,  289 
Histochemical  stains 
axons,  22 
general,  22 
myelin,  22 

Hyperplasia,  pacinian  corpuscle,  see  Neuroma,  pacinian 
Hyperplastic  lesions,  69 

Immunocytochemistry,  24 
collagen  4,  24 

epithelial  membrane  antigen,  24 

glial  fibrillary  acidic  protein  (GFAP),  24 

laminin,  24 

Leu-7,  24 

S-100  protein,  24 

Inflammatory  myofibroblastic  tumor,  see  Pseudotumor, 
inflammatory 

Leprosy 

lepromatous,  65 
tuberculoid,  63 

Leprous  neuropathy,  see  Neuropathy,  leprous 
Lipofibroma,  see  Hamartoma,  lipofibroma 
Lipoma,  288,  288 

cranial  nerve,  101,  288,  288 
nerve  sheath,  288,  288 
Lipomatosa,  macrodystrophia,  95,  96 
Lipomatosis,  spinal  epidural,  288 
Lisch  nodules,  387,  390 

Localized  interdigital  neuritis,  see  Neuritis,  localized 
interdigital 

Lymphoid  hyperplasia,  see  Pseudotumor,  inflammatory 
Lymphoma  of  nerve,  primary,  293,  296,  297,  379,  381 

MPNST,  angiosarcomatous  differentiation,  340 
clinical  features,  340 
general  comments,  340,  342 
histologic  findings,  341,  343 
treatment  and  prognosis,  344 
MPNST,  divergent  differentiation,  336 


MPNST,  epithelioid 
clinical  features,  328 
differential  diagnosis,  329 
gross  and  microscopic  findings,  328,  329-333 
immunohistochemical  findings,  329,  334 
treatment  and  prognosis,  336 
ultrastructural  findings,  329,  335,  336 
MPNST  ex  ganglioneuroma  or  ganglioneuroblastoma, 
general  comments,  350,  351,  352 
gross  and  microscopic  findings,  351-354,  355 
MPNST  ex  pheochromocytoma,  357,  358,  358 
MPNST  ex  schwannoma 
clinical  features,  347 
general  comments,  347 
gross  and  microscopic  findings,  347,  347,  349 
immunohistochemical  findings,  347,  348 
treatment  and  prognosis,  348 
ultrastructural  findings,  348,  350 
MPNST,  glandular  differentiation,  344 
clinical  features,  344,  344 
differential  diagnosis,  149,  345,  345 
gross  and  microscopic  findings,  344,  344,  346 
immunohistochemical  findings,  345,  346 
treatment  and  prognosis,  345 
ultrastructural  findings,  345 
MPNST,  low  grade,  213 
MPNST,  mesenchymal  differentiation 
clinical  features,  337 
differential  diagnosis,  340 
general  comments,  337 
gross  findings,  337,  337 
histologic  findings,  337,  338-340 
immunohistochemical  and  ultrastructural  findings, 
339,  341 

treatment  and  prognosis,  340 
Macrodystrophia  lipomatosa,  95 
Malignant  peripheral  nerve  sheath  tumor  (MPNST) 
clinical  features,  304,  304 
cytogenetics,  319 
definition,  303 
diagnostic  criteria,  309 
differential  diagnosis,  324,  325 
frozen  section  diagnosis,  326 
general  comments,  303 
gross  findings,  305,  305-310,  313 
immunohistochemical  findings,  314,  320,  321 
localization,  305 

microscopic  findings,  307,  311-315 
minimal  criteria,  309,  315-318 
molecular  genetics,  324 
prognosis,  327 

recurrence  and  metastasis,  326 
treatment,  326 

ultrastructural  findings,  319,  322,  323 
McCune-Albright  syndrome,  386 
Meissner  corpuscles,  22,  23 
Meissner’s  plexus,  21 
Melanocytomas,  164 
Melanoma,  neurotropic 
clinical  features,  378 
differential  diagnosis,  379 
general  comments,  378 
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histologic  findings,  379,  380 
immunohistochemieal  findings,  379,  380 
ultrastructural  findings,  379 
Melanotic  nerve  sheath  tumor,  see  Schwannoma, 
melanotic 

Meningioma,  ectopic 
clinical  features,  284 
definition,  283 

differential  diagnosis,  284,  286 
general  comments,  283 
gross  and  histologic  findings,  284,  285 
pathogenesis,  283 
treatment  and  prognosis,  286 
Meningoangiomatosis,  408,  409, , 410 
Meningocele  of  the  skin,  rudimentary,  284 
Mesaxon 

external,  26 
internal,  26 

Mesodermal  dysplasias,  400 
Metastases 
to  nerve,  371 

to  nerve  sheath  tumor,  381,  382 
Microanatomy,  10,  10-16 
Microfascicles,  30,  31,  95 
Mononeuropathies,  379,  381 

Morton’s  neuroma,  node,  toe,  see  Neuritis,  localized 
interdigital 

Multiple  endocrine  neoplasia,  74 
Muscle  spindles,  24 

Mycobacterium  leprae,  63,  also  see,  Neuropathy,  leprous 
Myelin,  16,  16 

Myelin-associated  glycoprotein,  16 
Myxofibrosarcoma,  low  grade,  246 
Myxoma,  nerve  sheath 
clinical  features,  237 
definition,  236 
differential  diagnosis,  244 
general  comments,  236 
gross  findings,  237 

immunohistochemieal  findings,  244,  246,  247 
microscopic  findings,  237,  238,  242 
ultrastructural  findings,  244 
treatment  and  prognosis,  248 
Myxoma,  perineuria],  see  Myxoma,  nerve  sheath 

Nerve  cyst,  see  Cyst,  nerve 
Nerve  endings 

encapsulated  tip,  22 
expanded  tip,  21 
free,  21 

Nerve  ganglion,  see  Cyst,  nerve 
Neurilemoma,  see  Schwannoma,  conventional 
Neurinoma,  see  Schwannoma,  conventional 
Neuritis,  localized  interdigital 

clinical  and  radiographic  features,  37 
definition,  37 
differential  diagnosis,  41 
general  comments,  37 
gross  findings,  38,  38 
immunohistochemieal  findings,  40 
microscopic  findings,  38,  39-42 
treatment  and  prognosis,  41 


ultrastructural  findings,  40 
Neuritis  ossificans,  see  Ossification,  heterotopic 
Neurofibroma 

atypical,  202,  208 
cellular,  202,  209 

clinicopathologic  and  gross  findings,  178,  179-195 
criteria  for  malignant  transformation,  314,  316,  317 
DNA  flow  cytometry,  213 
definition,  177 

differential  diagnosis,  105,  204,  205,  208,  209,  213, 

214,  215 

diffuse  cutaneous,  178,  180,  182 
fibroblasts,  212,  213 
gastrointestinal,  392,  3967 
general  comments,  177 

immunohistochemieal  findings,  184,  192,  195,  209, 
204,  206,  209 

localized  cutaneous,  178,  179-181 

localized  intraneural,  179,  184-190 

malignant  transformation,  314,  316,  317 

massive  soft  tissue,  190,  203-205 

microscopic  findings,  182,  186-189,  192,  195,  197,  198 

pigmented,  164 

plexiform,  183,  185-189,  191-201,  206,  207 
Schwann  cells,  210,  212 
transitional  cells,  213 
treatment  and  prognosis,  216 
ultrastructural  findings,  210,  210-212 
visceral,  389,  396,  397 

Neurofibroma,  pacinian,  see  Myxoma,  nerve  sheath 
Neurofibromatosis  1 (NF1) 
associated  tumors,  395 
central  nervous  system,  395,  404,  405 
comparative  features,  386 
diagnostic  criteria,  387 
general  manifestations,  385 
visceral  neurofibromas,  389,  396,  397 
Neurofibromatosis  2 (NF2),  106,  402,  403,  407-409 
Neurofibromatosis,  central  or  bilateral  acoustic,  see 
Neurofibromatosis  type  2 
Neurofibromatosis,  peripheral,  see 
Neurofibromatosis  1 (NF1) 

Neurofibromatosis,  segmental,  389,  396 
Neurofibrosarcoma,  see  Malignant  peripheral  nerve 
sheath  tumor 

Neurogenic  sarcoma,  see  Malignant  peripheral  nerve 
sheath  tumor 

Neuroglial  hamartomas,  405 
Neuroma,  81,  82 

Neuroma,  amputation,  see  Neuroma,  traumatic 
Neuroma,  appendiceal,  82,  83 
Neuroma,  mucosal 

clinical  features,  75,  76,  77 
definition,  74 
differential  diagnosis,  80 
general  comments,  74 
immunohistochemieal  findings,  78,  80,  80 
pathologic  findings,  75,  76,  78-80 
Neuroma,  pacinian 
clinical  features,  42 
definition,  41 
differential  diagnosis,  45 
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general  comments,  41 
gross  findings,  43,  43 
immunohistochemical  findings,  45 
microscopic  findings,  43,  44,  45 
treatment  and  prognosis,  46 
ultrastructural  findings,  45 
Neuroma,  palisaded  encapsulated 
clinical  features,  69 
definition,  69 
differential  diagnosis,  71 
general  comments,  69 
immunohistochemical  findings,  71,  73 
microscopic  findings,  69,  70-73 
prognosis,  74 

ultrastructural  findings,  71 
Neuroma,  plantar,  see  Neuritis,  localized  interdigital 
Neuroma,  solitary  circumscribed,  see  Neuroma,  palisaded 
encapsulated 
Neuroma,  traumatic 
clinical  features,  29 
definition,  29 

differential  diagnosis,  31,  35 
general  comments,  29 
gross  findings,  30,  30-32 
immunohistochemical  findings,  31,  33 
microscopic  findings,  30,  32-36 
treatment  and  prognosis,  37 
ultrastructural  findings,  31,  36 
Neuromatosis,  mucosal,  see  Neuroma,  mucosal 
Neuromyxoma,  cutaneous  lobular,  see  Myxoma,  nerve 
sheath 

Neuronal  intestinal  dysplasia,  87 
Neuropathy,  chronic  inflammatory  demyelinating,  87 
Neuropathy,  leprous 
clinical  features,  63 
differential  diagnosis,  66 
general  comments,  63 
gross  and  microscopic  findings,  63,  64,  65 
treatment  and  prognosis,  66 
Neuropathy,  localized  hypertrophic 
clinical  features,  87 
definition,  87 
differential  diagnosis,  89 
general  comments,  87 
gross  findings,  87 

immunohistochemical  findings,  89,  89-90 
microscopic  findings,  87,  88,  89 
ultrastructural  findings,  89 
Neurothekeoma 

cellular,  244,  245-247 
clinical  features,  237 
definition,  236 

differential  diagnosis,  242,  244 
general  comments,  236 
gross  findings,  237 

immunohistochemical  findings,  244,  246,  247 
microscopic  findings,  237,  238-243,  245,  246 
treatment  and  prognosis,  248 
ultrastructural  findings,  244,  247 
Neurothekeoma,  cellular,  242,  245-247,  also  see  Neuro- 
thekeoma 

Non-Hodgkin’s  lymphoma,  293,  381 


Non-neurogenic  tumors,  283 

Ossification,  heterotopic  (neuritis  ossificans) 
clinical  features,  51,  52 
differential  diagnosis,  53 
general  comments,  51 
treatment  and  prognosis,  53 
Overview,  peripheral,  nerve  lesions,  2 
anatomy,  2 

diagnostic  approach  and  specimen  handling,  3 

differential  diagnosis,  3,  4,  5 

etiology,  2 

grading, 3 

lesion  spectrum,  2 

nerve  sheath  tumor  classification,  2 

prognosis,  2 

staging,  3 

Pacinian  neuroma,  see  Neuroma,  pacinian 
Pacinian  (Vater-Pacini)  corpuscles,  22,  25 
Pacinioma,  see  Neuroma,  pacinian 
Paraganglioma,  duodenal,  395 
Paraganglioma  of  nerve  root,  286,  287 
Peripheral  neurofibromatosis,  see  Neurofibromatosis  1 (NF1) 
Perineurial  cell  differentiation,  319,  321 
Perineurial-like  cells,  210,  211 
Perineurioma,  219 
intraneural,  219 

clinical  features,  219 
definition,  219 
differential  diagnosis,  221 
general  comments,  219 
gross  findings,  219,  220 
immunohistochemical  findings,  221 
microscopic  findings,  221,  222-227 
treatment  and  prognosis,  228 
ultrastructural  findings,  221,  227,  228 
soft  tissue,  228 

clinical  features,  229,  229,  230 
definition,  228 
differential  diagnosis,  234 
general  comments,  228,  229 
gross  findings,  229,  230,  232 
immunohistochemical  findings,  232,  232-234 
microscopic  findings,  230,  230-233,  236 
treatment  and  prognosis,  235 
ultrastructural  findings,  234,  234-236 
Perineurium,  10,  10,  11 
Peripheral  nerve  fibers,  16 

Peripheral  neurofibromatosis,  see  Neurofibromatosis  1 (NF1) 
Phakomatoses,  385 
Pheochromocytoma,  bilateral,  395 

Plasma  cell  granuloma,  see  Pseudotumor,  inflammatory 
Polyneuropathy,  chronic  inflammatory  demyelinating,  91 
Polyneuropathies,  379,  381 
Primitive  neuroectodermal  tumor 
cytogenetics,  358 
differential  diagnosis,  358 
general  comments,  356 
histologic  findings,  358,  359 
immunohistochemical  findings,  358,  359 
treatment  and  prognosis,  358 
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ultrastructural  findings,  358,  360 
Proliferation  markers,  221 
Pseudocyst  of  nerve,  see  Cyst,  nerve 
Pseudoneuroma,  see  Neuroma,  traumatic 
Pseudotumor,  inflammatory 
clinical  features,  57,  58 
definition,  57 
differential  diagnosis,  57 
general  comments,  57 
gross  findings,  57,  59 

immunohistochemical  findings,  57,  58,  59.  62 
microscopic  findings,  57,  59-62 
treatment  and  prognosis,  58,  59 

Rhabdomyosarcoma,  395 
Reactive  lesions,  29 

Sarcoidosis,  peripheral  nerve 
clinical  features,  60 
definition,  58 
differential  diagnosis,  63 
general  comments,  58 
gross  and  microscopic  findings,  62,  62 
treatment  and  prognosis,  63 
Schwann  cells,  11,  11,  12,  15,  210,  210.  211 
Schwannoma,  105 
ancient,  131 

bilateral  acoustic,  405,  408 
cutaneous,  407 
epithelioid,  119,  128 
intracranial,  107,  108 
intraspinal,  108,  109,  111,  112 
malignant,  303 
multiple,  106,  110,  114 
postirradiation,  106 
vestibular,  407.  408 
visceral,  112 

Schwannoma  and  MPNST,  see  MPNST  ex  schwannoma 
Schwannoma,  cellular 
clinical  features,  138 
definition,  138 

differential  diagnosis,  148,  149 
DNA  flow  cytometry,  148 
general  comments,  138 
gross  findings,  138,  139 
immunohistochemical  findings,  140,  147 
microscopic  findings,  139,  141-146 
treatment  and  prognosis,  151 
ultrastructural  findings,  141,  148 
Schwannoma,  conventional 

clinical  features,  107,  107-111 
definition,  105 

differential  diagnosis,  105,  134,  136.  149 
general  comments,  105 
geographic  considerations,  107 
gross  findings,  108-111,  109,  115,  116 
immunohistochemical  findings.  121,  132 
microscopic  findings,  111,  117,  118,  123-130 
predisposing  factors,  106 
radiographic  findings,  107,  100-112 
treatment  and  prognosis,  138 


ultrastructural  findings,  134,  133-135 
variants,  106 

Schwannoma,  granular  cell,  see  Granular  cell  tumor,  benign 
Schwannoma,  malignant,  see  Malignant  peripheral 
nerve  sheath  tumor 

Schwannoma,  melanogenic,  see  Schwannoma,  melanotic 
Schwannoma,  melanotic 

clinical  features,  158,  159,  160 
definition,  156 
differential  diagnosis,  163 
general  comments,  156 
gross  findings,  159,  161 
immunohistochemical  findings,  161,  169 
malignancy,  161,  165-169 
microscopic  findings,  160,  162-169 
psammomatous,  161,  165-167 
treatment  and  prognosis,  170 
ultrastructural  findings,  163,  170 
Schwannoma,  pigmented,  see  Schwannoma,  melanotic 
Schwannoma,  plexiform 
clinical  features,  151 
definition,  151 
differential  diagnosis,  153 
general  comments,  151 
gross  findings,  151,  152,  153 
histologic  findings,  151,  154-156 
immunohistochemical  findings,  152.  157 
treatment  and  prognosis,  153 
ultrastructural  findings,  153,  157,  158 
Schwannomas  of  NF2,  121 
Schwannomatosis,  106,  323 
Sciatic  nerve 

endometriosis,  50 

clinical  features,  50,  50,  51 
treatment  and  prognosis,  51 
Secondary  neoplasia,  371 
angiosarcoma,  376,  377 
carcinoma,  373 
lymphoma-leukemia,  379 
neurotropic  melanoma,  378 
sarcoma,  376,  377.  378 
Skeinoid  fibers,  394 
Specimen  assessment,  3 

differential  diagnosis,  4,  5 

Transitional  cells,  213 
Triton  tumor 
benign,  101 
malignant,  337 

Ultrastructure,  peripheral  nerves,  26 

Vascular  tumor,  289,  290-292 
Vasa  nervorum,  9,  11 
Verner-Morrison  syndrome,  260 
Verocay  bodies,  116 
Von  Hippel-Lindau  disease,  291 
Von  Recklinghausen’s  disease,  385,  see  also  Neuro- 
fibromatosis 1 (NF1) 

Xanthogranuloma,  juvenile,  395 
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